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CYCLOI \TRIf P LYMEKS FO 1 RUG C \RRIER5 

RELATED PATENT APFUCATIQHS 
This is a continuation-in-part of US patent: application SN 09/223,055, filed 

December 30, 1998, for which a notice of allowance has been received. The contents of 

that application and the allowed claims are incorporated herein. 

TECHNICAL FIELD OF THE INVENTION 
This invention discloses methods for preparing compositions of cyclodextrin 

polymers for carrying drags and other active agents for therapeutic or other medical uses. 

Methods are also disclosed (or preparing cyclodextrin polymer carriers that release drugs 

under controlled conditions. The invention also discloses methods for preparing 

compositions of cyclodextrin polymer carriers that are coupled to biorecognition 

molecules for targeting the delivery of drugs to their site of action. 

The pharmacokinetics of many anti-viral and anti-cancer drugs that penetrate cells 
through diffusion are not eas ! ntr< lied. Therefore, there is a need for carriers of 
drugs and active agents that facilitate their solubility, deliver) 1 ' and effectiveness. When 
drugs are bound to polymers of the prior art they can be taken up at the cell surface by 
endosomes (receptosomes) and transferred to the lysosomal compartment. This permits 
modulation of drug uptake through cell surface properties. Also, drug release can be 
controlled using specific enzymes and other conditions within the cell. 

Drugs and other active agents delivered as macromoieeules through polymer carriers 
have gained acceptance as a way for improving cancer chemotherapy and other drag 
therapies. Also, the prior art now employs drug-antibody or drug-polypeptide conjugates 
to re-direct anti-cancer and other agents to selected target cells, 

Cyclodextrins and their derivatives have been shown to enhance the aqueous 
solubility or unmodified drugs and reduce the side effects in vivo . Cyclodextrin 
derivatives are well tolerated parenteral!}', especially hydroxypropyl cyclodextrin 
(HPCD), which is reported to have toxicity approaching that of glucose. The NIH 
currently holds a patent (U.S. Pat. No. 4,727,064, issued 1988} for the improvement of 
drug preparations using cyclodextrins. Cyclodextrins and their derivatives have been 
mixed with many drugs In an effort to utilize these properties. However, because 
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individual cyciodextrins and even individual eyclodextrin derivatives easily dissociate 
from the drug with dilution, many of the advantages of eyelodextrim are limited with 
parenteral treatment. 

The prior an of cyciodextrins has disclosed their use in Libeling materials for in vitro 
5 testing (Kosak, PCX WO 91/05605, J991), and in drug preparations (Hfoai, et al, U.S. 
Pat, No. 4,523,031 and 4,523,03/ nd derivatives of individual eye! d< ctrh noiecules as 
excipients for soiu't ii . . Stell u et ah U.S. Pat. No. 5,134,127 and 5,376.645). 

The preparation and use of individual cyciodextrins conjugated to biorecognition 
molecules as drug carriers is disclosed by Weinshenker, U.S. Pat. No. 5,068,227, 1991, 

10 where each coupling site is limited to one drug molecule. However, Weinshenker makes 
no disclosures or suggestions for any eyclodextrin polymers and they cannot he made 
with the synthesis methods disclosed. When drugs and other active agents as guest 
molecules are noncovaiently bonded to the individual cyciodextrins of the prior art, they 
are subject to excessive dissociation, which results in uncontrolled release of drug even 

15 before the carriers reach their targets. 

Review articles on the pharmaceutical applications of cyciodextrins have identified 
many problems due to the high turnover rate between inclusion complex formation and 
dissociation. Stella, V.]., et ah, Pharmaceut. Res, 14, 556-567 (1997), report that even 
with the strongest theoretical binding constants, as soon as the complex of free 

2D eyclodextrin and drug is diluted in the bloodstream, over 30% is calculated to dissociate. 
Also, Rajewski, R., et al, j, Pharm, Sci. 85, 1142-1 169 (1996), soluhilized the anti-cancer 
drug Taxoi with cyciodextrins. They reported on page 1145 that "any attempt to dilute 
the samples resulted in erratic precipitation * due to competitive displacement factors 
found in plasma. Because of these problems, cyciodextrins in the prior art are used for 

25 solubilizing and stabilizing certain drugs before or during administration but are not 
suitable for carrying and delivering drugs in the bloodstream. 

The eyclodextrin polymer carriers of the instant invention overcome these problems 
and provide the new function of controlled release for cyciodextrins, which is not 
disclosed ot su^gesttrt b\ r nt pit. r art 
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summa: of the invention 

It has been discovered that the wan • ; >k ' idal) cyclodextrin polymer 

carriers of the instant invention overcome the problems with individual cydodextrins in 
the prior art. The instant invention provides new properties and unexpected advantages. 
5 In its simplest form, a cyclodextrin polymer carrier comprises a cyclodextrin polymer 
that has a drug or other active agent completely entrapped within it. 

In one embodiment, the water -fa 1 . (ore il lid I) cyclodextrin po ytmn of the 
instant invention overcome the problem of low carrying capacity of individual 
cydodextrins. Also, by complete entrapment of the guest molecules, the problem of 
10 losing drug or other 'active agent by diffusion when diluted m vivo., is solved. In another 
embodiment, the invention also provides a means for controlled release of the entrapped 
drug; ill vivo, which was not possible in the prior art of cydodextrins. 

In another embodiment, the invention also provides a means for target} ng the 
cyclodextrin polymer carrier by coupling it to a biorecognition molecule. The polymer 
15 carrier also allows the coupling of several drag molecules at each coupling site on a 
biorecognition molecule, which was not possible in the prior art of cydodextrins. 
The advantages of the water-soluble (or colloidal) cyclodextrin polymer carrier are: 
(1) Drugs can be used that are designed for efficacy without conjugation 
requirements. 

20 (2) It will allow the use of drugs designed solely for efficacy without regard for 

solubility. 

(3) Unmodified drugs can be delivered as macromolecules and released within the 

call. 

(4) Drugs can be targeted by coupling the carrier to biorecognition molecules. 
25 (5) Synthesis methods are independent of the drug to facilitate multiple drug 

therapies. 

These are new advantages and functions provided for anti-cancer and other drug 
carrier technology that will also be useful for other drug delivery applications. These 
compositions and methods are unanticipated or .suggested in the prior art. 
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industrial .a pplicabiuty. 

These CD polymer carriers can be used in many fields of medicine to deliver 
therapeutic drugs and other agents through a variety of routes including orally, nasally 
and parenterals. Other routes > igh ocukj 

5 membranes and mucosal membrane?, including the use of electric charge as in 

iontophorc s 1 1 y can also be used r deliver n is sue! lec iesi 

treat various diseases by these routes. 

DE££E!PTLON OF THE BEST MODES FOR CARRYING OUT THE 
INVENTION 

10 For the purposes of disclosing this invention, certain words, phrases and terms used 

herein are defined as follows; 

Active agents function is the pt ten juest ro t *v instant invention 
Active agents that are preferred in the instant invention, are chemicals and other 

15 substances that can form an inclusion complex with a cyclode.xt.rin or cyclodextrin 

polymer and are inhibitory, anti metabolic, therapeutic or preventive toward any disease 
(i.e. cancer, syphilis, gonorrhea, influenza and heart disease) or inhibitory or toxic toward 
any disease causing agent. Preferred active agents are any therapeutic drugs categorized in 
The Merek Index, Eleventh Ed., Merck & Co. Inc., Rah way NJ {1989} and those listed 

20 by Cserhati, T„ Anal.Bioch.em. 225(2), 328-332 (1995). 

Active agents include but are not limited to any therapeutic drugs including 
anticancer drugs, antineoplastic drugs, antifungal drugs, antibacterial drugs, antiviral 
drugs, cardiac drugs, neurological drags, and drugs of abuse; alkaloids (i.e. 
camptothecms), antibiotics, bioactive peptides, steroids, steroid hormones, polypeptide 

25 hormones, interferons, imerleukins, narcotics, nucleic acids including antisense 
oligonucleotides, pesticides and prostaglandins. 

Active agents also include any toxins including anatoxins, ricms, bungarotoxins, 
irinoteean, ganciclovir, furosemide, indomethacin, ehlorprornazine, methotrexate, cevine 
derivatives and analogs Including cevadines, desatrines, and veratridine, among others, 

30 Also included but are not limited to, are; 
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variotis flavone derivatives and anal gs includi g dihydroxyi - (chrysins), 
mhydroxyflavones (apigenins), pentahydroxyfla i I » yflavones 

(myricetit ' > ns quercetins, fisetins; 

various antibh tics ins i tiv< mpi y< lines (i.e, 

5 doxorubicin, daunorubieinj, but asm, cb i 

md M c t i ychiu l! m <: tnes c> ilipticin.es, 

hlipms, fungichromins, griseohdvin, griseoviridin, guamecydines, macrolides (i.e. 
amphotericins, chlorothricia), raetluciiiins, nystatins, chrymutasins, ekamicin, 
gilvocarin, ravidomycin, iankaddin-group antibiotics (i.e, iankamycin), mitomycin, 
10 terainycins. tetracyclines; 

various anti-mierobiak including reserpine, spironolactone, sulfacetamide sodium, 
suiphonamide, thiamphenicols, tkiolutins; 

various purine and { u ii derivatives and analogs including r> Ruorouracil, 5'- 
fluoro~2'~deoxyuridine, and allopurinol; 
15 various photosensiiizer substances, especially those used for singlet and triplet 

oxygen formation useful for photodynamic therapy (van Lier, |.E. In "Photodynamic 
Therapy of Neoplastic Disease"; Kessel, D., Ed., CRC Press, Boca Raton, Ft, 1990, Yob 
]}, including meso-chlorin e« nionoethylenediamine (MceJ, phvtalocyanine, porphyrins 
and their derivatives and analogs; 
20 various steriodal compounds such as cortisone*, estradiols, hydrocortisone, 

testosterone*, prednisolones, progesterones, dexamethasones. beclomethasones and other 
methasone derivatives, other steroid derivatives and analogs including cholesterols, 
digitoxins, digoxins, digoxigenins; 

various coumarin derivatives and analogs including dihydroxycouraarins (esculetins), 
25 dicumarok, cirrywobins, chrysophanic acids, emodins, secalonic acids; 

various dopas, derivatives and analogs including dopas, dopamines, epinephrines, and 
norepinephrines (arterenols); 

various antineoplastic agents or cell growth inhibitors such as cisplatins and taxanes 
including paclitaxei and docetaxel; 
30 various barbkuates including phenobarbitone, amobarbital, aiiobarbitai, 

pentobarbital and other barbital derivatives; 
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various benzene derivatives including amino-benzoic acid, bromobenzok: acid, 
benzocaine, benzodiazepines, benzothiaztde, hxrtyl-p-aminobenzoate; 
various peptide derivatives; 

various carhoxylic acid derivatives such as b unci ivalerylun • phenybbxitytic acid, 
5 phenyl-valeric acid; 

Otber active agents include, but are nor limited to, diphenyi hydantoin, adiphenine, 
anethole, aspirin, azopropazone, bencyciane. chloralh yd rate, ddoramhucil, 
chlorprcmazine, chbrogenin. cinnamic. acid, cbhbrate, coenzyme A, cydohexyl 
anthranilate, diazepam, fhu'enamic acid, fluoclnobne acetonide, flurbiprofen, 
10 guaiazulene, ibuprofen, Indican, indometliacin, iodine, ketoprofen, mefanamic acid, 
menadione, metronidazole, nitrazepam, phenytom, propylparaben, proscilkridin, 
quinolone, thalidomide, thiamine dikmrylsuiphate, thiopental, triamcinolone, vitamins 
A, D3, E, K3, and warfarin. 

Other specific active agents are anti-viral drugs, nucleic acids and other anti-viral 
15 substances including chose against any DNA and RNA viruses, AIDS, HIV and hepatitis 
viruses, adenoviruses, alphaviruses, arenaviruses, coronaviruses, flaviviruses, 
herpesviruses, mixoviruses, oncornaviruses, papovaviruses, paramyxoviruses, 
parvoviruses, picornaviruses, poxviruses, reoviruses. rhabdoviruses, rhinovsruses, 

>n I iriods in inti-b terial bugs m i c cids and >*h ntt-bacteri I 
20 substances including those against gram-negative and gram-positive bacteria, 

acinetobacter, achromobacter, bacteroides, Clostridium, chlamydia, enterobacteria, 
haemophilus, lactobacillus, neisseria, staphyloccus, and streptoccocus; any anti-fungal 
drugs nucleic, acids md other nti-fung substances includ tbo inst i 
•.andia uu In uts n o pi nscett* md yeasts; any drugs, nucleic acids and 
25 other substances against mycoplasma and rickettsial any anti-protozoan drugs, nucleic 
acids and other substances; any anti-parasitic drugs, nucleic acids and other substances; 
any drugs, nucleic acids and other substances against heart diseases, tumors, and virus 
n 1 ' i i 

Nuc „ x > nt 

30 For the purposes of this invention, certain nucleic acids are preferred as active agents 

against viral and other microbial diseases, against cancers, autoimmune and genetic 
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diseases. They also include specific DNA sequences used for gene therapy. Nucleic acid 

elude all type s of Rb i 1 < , t f DNA, an 1 i ■ \ 1 

probes and primers used in the polymerase chain reaction (PGR), or DNA sequencing, 
vis preferred are amiseuse c e ieoxynucledtides ( 

5 indent id j id \ phodiest* 

phosphorothioate, or methyiphospbonate linkages, examples disclosed by Shoji, Y., ex al, 
Antimicrob. Agents Chemotherapy, 40(7): 16704 675 (1996). Also included are synthetic 
nucleic acid polymers and peptide nucleic a , N 1 sed ! gholm, et al> Nature 

365:566-568(1993) and references therein, including FNA clamps (Nucleic Acids Res. 

10 23:217(1995)}. Also included are nucleotide mimics or co-oltgomers like phosphoric acid 
ester nucleic acids (P FIONA), disclosed by Peyman, et al., Angew. Chem. Int. Ed. Engl. 
36:2809-2812 (1997). Also included are DN A and/or RNA fragments, and derivatives 
from any tissue, cells, nuclei, chromosomes, cytoplasm, mitochondria, ribosomes, arid 
other cei hdar sources, 

13 Iioekavabiyjnkage or Bond. 

For the instant invention, blocleavshle linkages are defined as types of specific 
chemical moieties or groups used within the chemical substances that covalently or non- 
covaieiiriy couple and cross-link the cyclodextrin polymer carriers. They are contained 
in certain embodiments of the instant invention that provide the function of controlled 

20 release of an entrapped drug or other active agent. Biocleavable linkages or bonds are 
defined here under distinct categories or types. 

One category comprises the disulfide linkage . and ester bonds that are well known 
for covalent coupling drugs to polymers. For drug delivery, they may be more useful for 
shorter periods in vivo since they are cleaved in the bloodstream relatively easily. Ester 

25 bonds include i hose between any acid and alcohol, and tmidoester.s formed from alky I 
imtdat.es. Also included are maieimide bonds as with suifhydryls or amines. 

Anothei category c emprises linkages or bonds that are more specifically leaved after 
entering the cell (intracellular cleavage). The preferred linkages for release of drugs 
within the cell are cieavable n acidic < tditions like ! t t - < One 

30 example is an acid-sensitive {or acid-labile) hydrezone linkage as described by Greenfield, 
et al, Cancer Res. 50, 6600-6607 (1990), and references therein. Ais . pre 1 - i < \J ire certain 
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natural or synthetic polypeptides that contain certain amino acid sequences {i.e. are 
hydrophobic) chat are cleaved by specific enzymes such as cat.heps.tns } found primarily 
inside the cell. Using the convention of starting with the amino or "N" terminus on the 
left and the carboxyl or "C" terminus on the rights some examples are: G ! y-P he-Le-u-G ly , 
5 and Gly-Phe-Phe-Gly, among others, 

Anothe , c pio^c ted' 

disulfide bond '.hat sft ricall s oi such 

protected disulfide bonds are found in the coupling agents; S-4*uccini.midyl-o:<ycarbonyl- 
«-methyl benxy 1 thio uli'att • SMBT) and 4-sucdnimidyloxycarbonyl-«-rnethyl-«--(2-- 

10 pyridyldithio) toluene (SMPT). Another useful coupling agent resistant to reduction is 
SPDB disclosed by Worrell, et at, Anticancer Drug Design 1: 179-188 (1986), Another 
preferred category of linkages or bonds subject to hydrolysis include various aldehyde 
bonds with amino or sulfhydryl groups. Also included are N-hydroxysuccinimitle or 
NHS bonds as with sulfhydryls or amines. 

15 Biorecognition Molecules. 

For the purposes of this invention, bio recognition molecules are those that bind to a 
specific biological substance orsite. The biological substance or site is considered the 
"target" of the biorecognition molecule that binds to it. In the prior art, many drugs are 
"targeted" by coupling them to a biorecognition molecule that has a specific binding 

20 affinity for the cells, tissue or organism that the drug is intended for. For targeting a drug 
or other active agent in this invention, a biorecognition molecule is coupled to a 
cyciodexmn polymer carrier that has the drug or active agent entrapped within. 
Examples of biorecognition molecules are described below. 



8 

SUBSTITUTE SHEET (RULE 26) 



WO 00/40932 



A ligand functions as a type of biorecognirion molecule defined as a selectively 
bindable material that has a selective (or specific), affinity for another substance. The 
ligand is ret >gniz.ed and i >und b> a lsually, hut not nece tsatll) iargei spt .it' hi iin 
5 body or "binding partner", or ''receptor". Examples of ligands smu'i.'c for targeting are 
antigens, haptens, biovin, biotm derivatives, lectins, gahciosamme and fucosyl amine 
moieties, receptors, substrates, coenzymes and eofactors among others. 

When applied to the cyclodextrin polymers of this invention, a ligand includes an 
antigen or hapten thai is capable of being bound by, or to, its corresponding antibody or 

10 fraction thereof. Also included are viral antigens or hemagglutinins and neuraminidases 
and nueleocap.sids Including those from any DN A and RN'A viruses, AIDS, HIV and 
hepatitis viruses, adenoviruses, alphavi ruses, arenaviruses, corona-viruses, fiavivfruses, 
herpesviruses, mixoviruses, oncornaviruses, papovaviruses, panuttyxovirases, 
patvo\mis(v p. ornavirus< ) n' s viruse 

15 toga-viruses arid viriods; any bacterial antigens including those of gram-negative and gram- 
positive bacteria, acinetobacter, achromobaecer, baeteroides, Clostridium, chlamydia, 
enterobacteria, haemophilus, iactohacillus, neisseria, staphyloecus, and streptoecocus; any 
fungal antigens including those of aspergillus, Candida, eocctdiodes, mycoses, 
phycomycetes, and yeasts; any mycoplasma antigens; any rickettsial antigens; any 

20 protozoan antigens; any parasite antn ,, , urn > j 1 u ncluding those of blood 
cells, virus infected ceils, genetic markers, heart diseases, oncoproteins, plasma proteins, 
complement factors, rheumatoid factors. Included are cancer and tumor antigens such as 
alpha-fetoproteins, prostate specific antigen (PSA) and CEA, cancer markers and 
oncoproteins, among others. 

25 Other substances that can function as ligands are certain proteins, histones, 

hormones, vitamins, steroids, prostaglandins, synthetic or natural polypeptides, 
carbohydrates, lipids, antibiotics, drugs, digoxins, pesticides, narcotics, neuro- 
transmitters, and substances used or modified such that they function as ligands. Ligands 
also include various substances with selective affinity for ligators that are produced 

30 through recombinai r <' . 1 1 ular engineering Except when stated 
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otherwise, iigands of the imtant invention also include the ligands as defined by K.E. 
Rubenstein, et ah U.S. Pat. No. 3,817,837 (1974). 
LigacoL, 

A Hgator functions as a type of bioreeognition molecule defined for this invention as 
5 a specific binding body or "partner" or receptor", that is usually, but not necessarily, 
larger than the hgand it can bind to. For the purposes of this invention, it is a specific 
substance or materia! or chemical or "reactant" that is capable of selective affinity binding 
with a specific Hgand. A hgator can be a protein such as an antibody, a nonprotein 
binding body or a "specific reactor.*' 

10 When applied to this invention, a hgator includes an antibody, which is defined to 

include all classes of antibodies, monoclonal antibodies, chimeric antibodies, Fab 
fractions, fragments and derivatives thereof. Under certain conditions, the instant 
invention let it the tl \ ligators I or instance, other 

ligators suitable for targeting include naturally occurring receptors, any hemagglutinins 

15 and cell membrane and nuclear derivatives that bind specifically to hormones, vitamins, 
drugs, antibiotics, cancer markers, genetic markers, viruses, and histocompatibility 
markers. Another group of ligators includes any RN A and DNA binding polypeptides 
or proteins such as protamines. 

Other ligators also include enzymes, especially cell surface enzymes such as 

20 neuraminidases, plasma proteins, avidins, streptavidins, chalones, cavkands, 

thyreoglobulin, intrinsic factor, globulins, chelators, surfactants, organometallic 
substances, staphylococcal protein A, protein G, ribosomes, bacteriophages, 
cytochromes, lectins, certain resins, and organic polymers. 

Preferred bioreeognition molecules also include various substances such as any 

25 proteins or polypeptides with affinity for the surface of any cells, tissues or 

microorganisms that are produced through recombinant DNA, genetic and molecular 
engineering. For instance, any suitable membrane transfer proteins such as TAT, from 
HTV vims. 

Nu i c L cogni i. Molecules 

30 For the purposes of this invention, certain nucleic acids can -function as 

bioreeognition mo c s s 1 1 ule Is defined as any 
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mi id sequence I * 1 * ! ' 1 ' 1 p ' ! 

for targeting a spci. s t mi robe ceil »- tissti Ni 1 cognition 

molecules include all types of RX il types of DNA, and ; > t i 
probes tnd prii ic s used in the p< h met ise < vru reaction (PGR), or DC ;e j 
5 luded uhe tic m u t 1 e 1 i c 1 ' 1 

disclosed by Egholm, et al, Nam e 365 56 568 > * « an etc: n< es therein, including 
PNA clamps (Nucleic Acids Res. 23:217(1995}). Also included are DNA and/or RNA 
fragments, and derivatives from any tissue, cells, nuclei chromosomes, cytoplasm, 
mitochondria, r ibosomes, and other cellular sources, 

A eyclodextrin (CD), is an oligosaccharide composed of glucose monomers coupled 
together to form a conical, hollow molecule with a hydrophobic interior or cavity. The 
cyclodextrins of the instant invention can be any suitable eyclodextrin, including alpha-, 
beta-, and gamma-cyclodextrins, and their combinations, analogs, isomers, and 

15 derivatives. They function as components in the synthesis of the eyclodextrin polymer 
carriers of the instant invention. 

in describing this invention, references to a eyclodextrin "complex", means a 
noncovalent inclusion complex. An inclusion complex is defined herein as a eyclodextrin 
functioning as a "host" molecule, combined with one or more "guest" molecules that are 

20 contained or bound, wholly or partially, within the hydrophobic cavity of the 
eyclodextrin or its derivative. 

Most preferred are eyclodextrin dimers, trimers and polymers containing derivatives 
such as carboxy methyl CD, giucosyl CD, maltosyl CD, hydroxypropy! cyclodextrms 
(H'PCD), 2-hydroxypropyl cyclodextrms, 2,3-dihydroxypropyl cyclodextrins (DHPCD), 

25 suSfobutylether cyclodextrins (SBECD), ethylated and methylated cyclodextrins. 

Also preferred are oxidized cyclodextrins that provide aldehydes and any oxidized 
forms of any eyclodextrin polymers or derivatives that provide aldehydes. Some 
examples of suitable derivatives are disclosed by Pitha, ]., et al, J. Pharm. Sci. 75, 165-1.67 
(1986) and Pitha, ]., et al, Int. j. Pharmaceut. 29, 73-82 (1986). 

30 Kh ' 4 are altered forms such, as c swn et li % t 1 otepatedbv 

Kandra, L., et ah J fnclus. Pbeno.ni 2 1 (198-1 ' 1 ;;her homologues a 
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cyclodextrins, such as those prepared by Pulley, et al, Biochem. Biophys. Res. Comm. 5, 
11 (1961). Some useful reviews on cyclodextrins are: Atwood J.E.D., et al, Eds., 
"Inclusion Compounds", vols. 2 & 3, Academic Press, N Y (1984); Bender, ML., et al, 
"Cyciodextrin Chemistry", Springer- Ver lag, Berlin, (1978) and Szejtli, J., "Cyclodextrins 
5 nd Their Indu i ykadem T U udape uoga 1.982). Thes 

references, including references contained therein, are applicable to the synthesis of the 
preparations and components of the instant invention and are hereby incorporated herein 
by reference. 

, l evtnn Dimerv ' 'Clyraers. 
10 For this invention, individual cydodextrin derivatives (CD-monomer) function as 

the primary structures, or components, or units used to synthesize the water-soluble (or 
colloidal) cydodextrin polymer carriers. Also, certain CD dimers, and miners can 
function as carriers. 

A cydodextrin dimer is defined as two cydodextrin molecules covalently coupled or 
i§ cross-linked together to enable cooperative complexmg with a guest molecule. Examples 
of some CD dimers that can be derivatized and used in the drug carriers of this invention, 
are described by; Bresiow, R,, et al, Amer. Chem, Soc. Ill, 8296-8297 (1989); Bresiow, 
R., et al,. Amer. Cheat. Soc. 105, 1390 (1983) and Fujita, K„ et al, J. Chem. See, Chem. 
Commum, 1277 (1984). 

20 A cydodextrin trimer is defined as three cydodextrin molecules covalently coupled 

or cross-linked together to enable cooperative completing with a guest molecule. A 
cydodextrin polymer is defined as a unit of more than three cydodextrin molecules 
covalently coupled or cross-linked together to enable cooperative compiexing with 
several guest molecules. 

25 A CD-block is defined as a CD dimer, trimer or polymer that is used as the primary 

component, or unit (he. building block) for additional crossiinking with other CD 
dimers, crimers or polymers to synthesize a CD polymer carrier. Generally this involves 
at least two crosslmk.ing steps, where first the CD-blocks are prepared and derivatized or 
act: 1 i C<ng Then the ( D-hiock ire cro .linked n a set nd 

30 reaction to entrap the active agent in the final CD earner composition. An example of 
this method is given below. 
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For this nvention, preferred o lodextt dtmer trimer and p>dynu.r units are 
S llth< ! t t t ! groups such as coupling agents not 

f exceed 5 angstron it spaces g s in dime 

trimer arid polymer units does not include the use of proteins or other "intermediate 
5 up] left! nch can he in >q: 1 ated luring or r r 

the cyclodextrin polymer carrier • ©operative < - eans that in situations 

where the guest molecule is large enough, the member cyciodextrins of the. CD dimer, 
trimer or polymer can each noncovaientiy complex with different parts of the same guest 
molecule, or with smaller guests, alternately complex with the same guest. 

10 The prior art has disclosed tinners and polymers comprised of cyciodextrins of the 

same size. An improved cyclodextrin dimer, trimer or polymer comprises combinations 
of different sized cyciodextrins to synthesize these units. These combinations may more 
effectively complex with guest molecules that have heterogeneous complexing sites. 
Combinations for this invention can include, the covalent coupling of an alpha CD with a 

15 beta CD, an alpha CD with a gamma CD, a beta CD with a gamma CD and polymers 
with various ratios of alpha, beta and gamma cyciodextrins, 
Cyclodextrin Polymer Carrier, 

A water-soluble (or colloidal) cyciodextrin polymer carrier is a new composition 
provided by the instant invention, h is defined herein as a polymer of cross-linked 
20 cyciode tnn den jtives that I the disiingui prop * . orpo tted 

drug or other -active agent as a "captured guest". The "capture" of the guest stabilizes the 
earner complex and overcomes the problem in the. prior art of the CD host and guest 
molecules separating by diffusion. Generally, the agent has also formed a noncovaient 
"inclusion complex", or "inclusion compound" with the cyciodextrins of the polymer. 
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S^^S^bk'd.Cyclodexxrin Polymer (Carrier. 

i ! rabk or self-coup t 'rtset is i 

new composition provided by the instant invention. It is defined herein as a water- 
soluble (or colloidal) polymer of cross-linked cyclodextrin derivatives that has the 
5 lis i 5 propen f having incorporate in ' < > $ ta f 

guest The t ipt nt of the gut ibrlizing ti s tries <«<">mple\ and 

overcomes the problem in the prior art of the CD host and guest molecules separating by 
diffusion. 

Lp r 1 ed Gue ; tj \ iyt kxfo | ir.i Po lymer C arrier, 

10 In one embodiment the captured guest molecule is eovalently tethered through a 

spacer to the water-soluble (or colloidal) CD polymer to allow formation of a 
noncovale t complex 1 t test md the host CD within the polymer. 

Cyclodextrin molecules have their functional groups only on the periphery so that the 
interior is nonreaccive. Therefore, in this embodiment, the guest molecule can form a 

15 noncovalenc inclusion complex within the cyclodextrin polymer host even though the 
captured guest is covalendy tethered to the host periphery. 

In another preferred embodiment the capturing is accomplished through complete 
physical entrapment by the water-soluble (or colloidal) CD polymer carrier- In this 
embodiment, "completely entrapped" means that a captured guest is not eovalently 

20 coupled to the polymer but is physically entrapped within the covalently cross-linked 

polymer of cyclodextrin molecules so that no significant amount of active agent can leave 
the polymer by diffusion or extraction. Completely entrapped guests cannot escape until 
the polymer itself iss bees leg) d< r the covalem cross-link bonds are cleaved. In this 
embodiment, essentially all possible exit routes for the guest to leave the polymer have 

25 been closed by cross-linking. Therefore, additional guest molecules (of that size or larger) 
cannot enter the closed polymer to be added to the cyclodextrin polymer carrier. 

This is made possible through the unique method for synthesizing the cyclodextrin 
polymer carriers of the instant invention. The distinguishing principal of the method is 

f C r ! v i 1 lli.; > i I li „ f 

30 tnal cross-linking st \ >f making he pol mere; ri t biti > i ol ule art 
mixed with the "open" components of the cyclodextrin polymer, which may comprise 
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individual cyciodextrins (or derivatives), cyclodextrin dimers, trimers or an open 
cyclodextrin polymer. An open cyclodextrin polymer means that the polymer is only 
partially cross-linked so that guest molecules can enter the polymer by diffusion and form 
complexes with member cyciodextrins. in the final synthesis step of the polymer carrier. 
5 the polymer is closed by additional covaiem cross-finking which completely entraps the 
guests. 

Con t rolled Rel ease. 

For this invention, controlled release is defined as the release of a captured guest 
from the CD polymer carrier only by cleavage of certain covaiem linkages that were used 
10 to synthesize the carrier. This definition specifically excludes release by diffusion until 
said linkages are cleaved. 

] n geted ( 1 h » 

A targeted cyclodexrrm (CD) polymer carrier is an embodiment of this invention 
composed of a water-soluble (or colloidal) cyclodextrin polymer carrier, or derivative 

15 described herein, that has a biorecognkion molecule covaiently coupled to its surface. 
However, the biorecognkion molecule is not an inclusion complex within the 
cyclodextrin carrier. The carrier is thereby targeted through the specific binding 
properties of the biorecognitian molecule coupled to the surface. 

During the coupling, the functions of the Derecognition molecule and the targeted 

20 CD polymer carrier are not Irreversibly or adversely inhibited. Preferably, the 

biorecognkion molecule maintains specific binding properties that are functionally 
identical or homologous to those it had before coupling. Preferably, the biorecognkion 
molecule is coupled through a suitable spacer to avoid scene hindrance. 

Targeted cyclodextrin polymer carriers coupled to avid in and streptavjdin are useful 

25 for subsequent, noncovalent coupling to any suitabl i c i ned substance Similarly, 
cyclodextrin polymer carriers coupled to antibody can be noncovalently coupled to 
another antibody, or to a nucleic acid or other suitable substance that has the appropriate 
biorecognkion properties. Another useful cyclodextrin carrier comprises protein A, 
protein G, or any suitable lectin or polypeptide that has been covaiently coupled to a 

30 cyclodextrin polymer carrier. 
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A biocieas bk ( inking agent i mprises a new inven c f fa< heating the 
synthesis f £ drug <.-£ ser> % tth con we. Inoneemb dimen t is c nprised I i 

biocleavahle sequence of amino acids that has amino groups at each end for direct 
5 coupling to ammo-reactive coupling agents. Using the convention of starting with the 
ammo or "N" terminus on the left nd t .a U> A 1 rminu >nti right, some 
examples are: Gly-Phe-Leu-Gly-Lys, or Lys-Gly-Phe-Leu-Gly-Lys. Another embodiment 
comprises a synthetic polypeptide with a biocleavahle sequence as described, and also 
includes N'-succininiidyl, or N-maleimydyh or imidoester coupling groups on each end. 

10 For acid-labile biocleavahle cross-linking agents, one embodiment comprises a 

bifunctional coupling agent with a hydrazoae linkage incorporated into it. For instance. 
it would comprise a hydrazooe linkage between, aliphatic chains that have N- 
succinimidyh or N-maleimydyl, or imidoester coupling groups on each end. One 
example for synthesizing ao acid-labile biocleavahle coupling agent is to first react an 

15 excess of hydrazinobenzoic acid v. ith £ ut iraki hyds to couple one hydrazinobenzoic 
mi at each end of the dialdehyde. This produces hydrazone linkages with terminal 
carboxyl groups at each end. The terminal carboxyl groups are then converted to 
succtnimidyl ester grotips. 

£s«#ag* 

20 For the instant invention, two distinct types of coupling are defined. One type of 

coupling can be through noncovalent, "attractive" binding as with a guest molecule and 
cyclodextrin, antigen and antibody or biotin and avidm. Noncovalent coupling is 
binding between substances through ionic or hydrogen bonding or van der waals forces, 
and/or their hydrophobic or hydrophilic properties. 

25 Unless stated otherwise, the preferred coupling used in the instant invention is 

through covalent, electron-pair bonds. Many methods and agents for covalently coupling 
(or crosslinking) cyclodexuins and cyclodextrin derivatives are known and, with 
appropriate modification, can be used to coup'* tl I tanc< ugh their 

"functional groups" for use in this Invention, 



16 

SUBSTITUTE SHEET (RULE 28) 



WO 00/40962 



PCT/US99 50820 



\ uacti nai t y reacm ice m a stib ance where 

one or more atoms are available for covalent coupling to some other substance. When 
needed iuncn nl • up t n b sdded t< ariou si hrca itization or 

5 sul titwioi act t 

Examples of functional groups are aldehydes, ailyls, amines, amides, abides, 
carboxyis, earbonyls, epoxys, ethynyls, hvdroxyls, ketones, metals, uitrenes, phosphates, 
propargyls, sulfhydryis, sulfonyis, r.h .to ethers, phenolic hydroxy Is, indoles, bromines, 
chlorines, iodines, and others. The prior art has shown that most, if not all of these 
10 functional groups can be incorporated into or added to cyclodextrms, blorecognition 
'molecules, nucleic acids and support materials. 

Cross-linking or Coupling Agent. 

A coupling agent (or cross-linking agent), is defined as a chemical substance that 
produces and/or reacts with functional groups on a substance to produce covalent 
15 coupling, cross-linking, or conjugation with that substance. Because of the stability of 
covalent coupling, this is die preferred method. Depending on the chemical makeup or 
functional group on the cyclodextrin, nucleic acid, or hiorecognition molecule, the 
appropriate coupling agent is used to provide t he necessary active functional group or to 
react with the functional group, in certain preparations of the instant invention, 
20 coupling agents are needed thai provide a spacer between cross-linked cyclodextrins or 
between cyclodextrin and a hiorecognition molecule to overcome steric hindrance. 
Preferably, the spacer is a substanceof 4 or more carbon atoms in length and can include 
aliphatic, aromatic and heterocyclic structures. 

With appropriate modifications by one skilled in the art, the coupling methods 
25 referenced below, including references contained therein, are applicable to the synthesis 
of the preparations and components of the instant invention and are hereby incorporated 
by reference, herein; 

Blair, Ail, et al, j. Immunol Methods 59, 129443 (1983); 
Erlanger, B.F., Pharmacol Rev, 25, 271-280 (1973); 
30 Kenyan, G.L., et ?J Novel Sulfhydr h eg nts M tb in I izym 4" 407-43C 

(1977); 
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Mather, N.K., et ah Eds., "Polymers as Aids in Organic Chemistry", Chapter 2, 
Academic Press, N.Y. (1980); and 

O'Carra, P., et ai, FEES Lett. 43, 169475 (1974). 

Examples of energy activated coupling or cross-linking agents arc: ultraviolet (UV). 
5 visible and radioactive radiation that can. promote coupling or crosslinking of suitably 
li 1 « n 1 xampl s are p emicai cot i ed in U.S. 

Pat. No. 4,737,454, among others. Also useful in synthesizing components of the instant 
invention are enzymes that produce covaknt coupling such as nucleic acid polymerases 
and ligases, among others, 

10 In some preferred aspects of this invent ton . cyclodexirin duners, t rimers and 

polymers are first prepared for use as the primary components, or CD-blocks to 
synthesize the cyclodextnn polymer carriers. Useful coupling agents for preparing CD- 
blocks are bifunctionai 1 ifuncti nai or polyiunct mal c li in gent that will 
covalently couple to the hydroxyl groups of cyclodexrrin. Some examples are oxiranes 

15 such as epichlorohydnn, epoxides such as L4 butanediol diglycidyi ether (BDE), glycerol 
digiycidyl ether (GDE), trimethylolpropane triglycidyl ether (TMTE), glycerol 
propoxylate triglycidyl ether (GPTE), triphenySolmethane triglycidyl ether, 4,4*- 
methylenebis (N,N-digiyeidyianiline), tetraphenylolethane glyeidyl ether and divinyl 
sulfone, among others. 

'20 Most preferred coupling agents axe also chemical substances that can provide the bio- 

compatible linkages for synthesizing the cyclodextnn polymer carriers of the instant 
invention. Covaknt coupling or conjugation can be done through functional groups 
using coupling agents such as giutaraklehyde, formaldehyde, cyanogen bromide, azides, p- 
benzoqutnone, succinic anhydrides, ctrbod inn ides, maleimides. epichlorahydrra, 

25 periodic acid, ethyl chlorotormate, dipyridyl disulfide and poly aldehydes. 

Other coupling agents useful In the instant invent ton are; bifunctionai imidoesters 
such as dimethyl adipimldate (DMA), dimethyl pimeiimidate (DMP), dimethyl 
suberimidate (DMS), dimethyl 3,3 '-dithiobis-p ropioni midate (DTBP), and 2- 
iminothioiane (Tram's reagent); 

30 bifunctionai NHS esters such as disuccimmidyl suberate (DSS), his[> 

tccinimid < 1 Jetj 1 BSOCOES t int iyl (N,K 
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i cetylhomocystein) (DSAH d uecinimidyi tar DM in u i tmici 1 

propionate) (DSP), and ethylene glycol bis(succinimkiyl succinate) (PCS), .including 
vari s$ derivatives such a th< nf< c ras; 

lieterobifuj ts sue as No limide (ANB- 

5 NOS), p-azidophenacyl bromide, p-azidophenylglyoxai , 4-fiuoro-3-nkrophenyl ad.de 
(FNPA), N4iydr0xysuccimmidyl-4-a?idDben2oate (HSAB), m-maiemiidobenzoyl-N- 
hydroxysucc n<n id ' ne h) 1 - *zid< be 1 ' iraidar.e Al \BI) p ntn aphenyl 2- 

diazo-3,3,3-crifluoi-opropionat:e, N-succiaimidyl-6{4 ! --azido-2'-nitropbenylainino) 
hexanoate (Lomant's reagent II), succmimklyl 4-(N-mateimidarnethyi)cyclohexaoe4- 

10 carboxylate (SMCC), succinimklyl 4-(p-maieimidopheny])bufyratc (SMPB), N- 
succinimidyl (4-azidophenyidithio)propiona£e (SADP), N-succlnimidyl -3-(2- 
pyridykikhiQjpropionate (SPDP), and N<4-aziciophenykhio)phthalimkie (APTP), 
including various derivatives such as their sulfo- forms; 

bomobifunctionai reagents such as l,5-dkluoro-24<knkrobenzene, 4,4 < -di0uoro-3,3'- 

15 linn ! - 4 thiocyano-2,2 dkuifomc acid stilbene (DIDS), p- 

pheiiyienedusotkiocyanate (D1TC), cafbonylbt$(L-methiOiune p-nitrophenyi ester), 4,4'- 
dkhiobisphenylazide and erythritolbiscafbanate, including various derivatives such as 
their sulfo- forms; 

photoactive coupling agents such as N-5-azklo-2--tutrobenxoybuccimmide (ANB- 
20 NOS), p-azidophenacyl bromide (APB), p-azidophenyi glyoxai (APG), N~{4~ 

aztdophenylthio)phtha.Umide (APTP), 4 5 4 , -dithjo-bis-phenylazide (DTBPA), ethyl 4- 
azidaphenyl-l,4-dithiobutyrimidate (EADB), 4-fluoro-3-nkrophe.nyl rude: (FNPA), N- 
hydroxysuceinimidyb4-azidobenzoate (HSAB), N-hydroxysuccinimidyl4-azidosalicylic 
acid (NHS-ASA), methyl-4-azidobenzoimklate (MAB1), p-mtrophenyl-2-diazo-3,3 t 3- 
25 trifluoropropionats (PHP-DTP), 2-diazo-3,3,3-trifIuoroprop:bnyl chloride, .'N- 

mccinimicly!-6(4 , -azido-2 , -nkrophenykrnino)bexanoate (SANPAH), N-succintnudyi(4- 

i i , - ' i I (ra-azkio t 

nitobenzamido)<thybL3'-dithiopropionate (SAND), sulfosuccinknidyl(4- 
d t propionate (Sulfo-SAD) Milt st imi I 4 i a 

30 r no'thexan - NPAH uccimmtd 

azidosaiic) nnid tetbyi > dithi >j i t tSD) md derivatives and analogs i 
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these reagents, among others. The structures and references for use are given for many of 
these reagents in, "Pierce Handbook and General Catalog". Pierce Chemical Co.. 
Rockford, IL, 61105. 

interr Hate ' ly in tb an 
5 In addition to covalentiy coupiii ^ > + ugh hi ps of cyciodextrin 

derivatives to syntht he water-sol 1 > • p i * 1 ?iut to include 

an intermediate substance or "intermediate". By definition, intermediate substances 
function as bio-compatible intermediates in being nonimmunogenic and nonallergenk. 
Although intermediate substances may be degraded biologically, they are "biologically 
10 neutral" in that they lack specific binding properties or bio recognition properties in their 
application. 

The intermediate can function as a "spacer" (e.g. "spacer arm" of O' Carta, supra), 
between the cyciodextrin derivatives being covalentiy coupled to overcome steric 
hindrance of subsequent binding reactions. The intermediate can function as a polymer 
15 "backbone" to which many cyciodextrin dimers, trimers or polymers are covalentiy 
coupled to form a larger polymer. The intermediate can be included with cyciodextrin 
derivatives as another monomer to be copoiymertzed with the cyciodextrin derivatives 
(i.e. heteropolymer), to provide improved structural properties, increase solubility or 
lower toxicity . 

20 The intermediate substance may also provide the advantage of additional coupling 

sites and thereby increase the number of covalentiy coupled cyciodextrin derivatives 
within a polymer carrier. The intermediate can also introduce certain other desirable, 
properties, such as a positive or negative net charge, more efficient light energy transfer 
for photodynamic therapy. The desired biorecognition molecule or other substance can 

25 be coupled to the available sites on the intermediate substance and is thereby coupled 
indirectly to the water-soluble cyciodextrin polymer carrier of the instant invention. 

Examples of such bi gicatly t t s' 1 plin instance* are certain 

proteins, polypeptides, polyammo acids, glycoproteins, lipoproteins, nucleic acid 
polymers, DNA, RNA, amino sugars, glucosamines, polysaccharides, 

30 lipopoiv saccharides, amino polysaccharides, polyglutamic acids, polylysines, 

polyacrylamides, nylons, poly(ailylamines), lipids, glycolipids and suitable synthetic 
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polymers, especially bitfpolymers, resins and surfactants, as well as suitable derivatives of 
these substances. Also included as suitable intermediate coupling substances are the 
polymers disclosed m U.S. Pat. No. 4,645,646. Also preferred as intermediates are N-(2~ 
hydroxypropyi)methaaylamide (HPMA), HPMA derivatives, poly cyanoacryiat.es such 
5 is poly(butyl c moacryiate) polyps butyl o isoho 1 yanoa< iat zdyethylene 
glycol (PEG), PEG derivatives, poly (DXdaaic-cogiycolk acid) (PLGAi, PLGA 
derivatives and poly (D,L4accide)-biock-methoxypolyc?hyicne glycol (Dibiock). 

Various materials may be incorporated into the components of the instant invention 
to produce new inventions with unexpected properties for use in certain applications. 
10 For instance, the addition or ferrous or magnetic particles may be used to give 

cyclodextrin polymer carriers and other types of polymers (i.e. HPMA, PEG), magnetic 
properties (hhakissios, D.S., Clin. Chim. Acta 84(1-2), 69-84. 1978). This would be useful 
for various m vivo manipulations such as using magnetic fields to localize or concentrate 
a magnetic polymer drug carrier in a specific part of the body. Also, the magnetic 
15 particles may be used to trigger a cytotoxic effect on cancer cells such as by vibrating 
them 'with alternating magnetic fields, 

mMELPS OF THE BEST MOPBg PQfi jgARKYING, QUT THE 
FjjyENTIQN 

in the examples to follow, percentages are by weight unless indicated otherwise. 
20 During the synthesis of the compositions of the instant invention, it will be understood 
by those skilled in the art oi organic synthesis, that there are certain limitations and 
conditions as to what compositions will comprise a suitable carrier and may therefore be 
prepared mutate mutandis. It will also be understood in the art of cyclodextrins that 
there are limitations as to which drugs and other agents can be used to form inclusion 
25 complexes with certain cyclodextrins. 

Specifically, it is known that smaller, alpha cyclodextrins are preferably used to 
complex with the smaller drugs or active agents. Whereas larger cyclodextrins are less 
limited, except that a "close fit" is generally preferred for stronger complexing affinity. 
The terms "suitable" and "appropriate" refer to synthesis methods known to those 
30 skilled in the art that are. needed to perform the described reaction or procedure. In the 
references to follow, the methods are hereby incorporated herein by reference. For 



21 

SUBSTITUTE SHEET (RULE 26) 



WO 00/49962 



KM S99/30S20 



example, organic synthesis reactions, including eked references therein, that can be useful 
in the instant invention are described in "The Merck Index". 9, pages ONR4 to ONR- 
98, Merck 8c Co., Rahway, NJ (1976), and suitable protective methods are described by 
T.W, Greene, "Protective Groups in Organic Synthesis", Wiieydntersclenee, NY (1981), 
among others. For synthesis of nuck id probe u t n gbridization 
methods, see "Molecular Cloning", 2nd edition, T, Maniatis, et al, Eds., Cold Spring 
Harbor Lab., Cold Spring Harbor, NY (1989). 

All reagents and substances listed, unless noted otherwise, are commercially available 
from Aidrich Chemical Co., WI 53233; Sigma Chemical Co., Mo. 63178; Pierce 
Chemical Co., II. 61105; Eastman Kodak Co., Rochester, NY; Pharmatec Inc., Alachua 
FL 32615; and Research Organics, Cleveland, Ohio. Or, the substances are available or 
can be synthesized through referenced methods, including "The Merck Index", 9, Merck 
& Co., Rahway, Nj (19/6), 

Additional references cited are hereby Incorporated herein by reference. 

Buckler, et al, U.S. Pat. No, 4,331,808 (1982), 

Ufiger, P.R., et al Proc. Natl Acad, Sci. USA 78, 6633-6637 (1981) 

Patel, A., et al, Clin. Chem, 29/9, 16044603 (1983), 

Roswell D.F., «h J- Amer. Chem. Soc. 92, 4855-4860 (1.970), 

Roberts, D.E., et al, J. Amer. Chem. Soc. 92, 4861-4867 (1970), 

Robins, M,j„ et al, Can. J. Chem. 60, 554-557 (1981) 

Sessier, J.L., et al, J. Indus. Phenom. Mol. Eecog. Chem. 7, 19-26 (1989) 

Theodoropulos, S. U.S. Pat. No. 4,600,775 (1986), 

Wei, C.C., et al, Tetrahedron Lett., No. 39, 3359-3562 (1971), 

White, E.H., et a!, Accounts Chem. Res. a, 54 (1970) 

White, E.H., et al, j. Organ. Chem, 32, 1198 (1967), 

White, E.H., et al j. Amer. Chem. Soc. 89. 3944 (1967). 

CYCLODEXTRJN POL YME R CARRIERS 

The purpose is to provide a v> atei solum } m< i ^ui iei 

that has an active agent completely entrapped within. For synthesis, the general 
approach is; (1) to produce or modify or protect, as needed, one or more functional or 
coupling g! ups n the c ciodextrin componen ot tng of cs bdextrins, or open 
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dinners, crime rs or polymers;; (2) combine under appropriate conditions, a minimum of 4 
of the eyclodextrin components with a drug or active agent to produce a nooeovalent 
inclusion complex and (3) using various coupling methods cross-link the eyclodextrin 
components to produce a polymer that complete! f ' e dj within the 
5 cyclodexcrin polymer. 

Also, a.s described below, the cvciodextrin polymer carrier may be suitably 
derivatized to include other useful substances and/or chemical groups (e.g. biorecognhion 
molecules, antenna, and catalytic substances), to perform a particular function. 
Depending on the requirements tor chemical synthesis, the (Privatization can be done 
10 before entrapment or afterward, using suitable protection and deproteetion methods as 
needed. 

Since cyclodextrins are composed of carbohydrates, they can be suitably derivatized 
and coupled through well-known procedures used for other carbohydrates, especially 
through available hydroxy! groups. For instance, vicinal hydroxyl groups on the 
15 eyclodextrin can be appropriately oxidized to produce aldehydes. 

In addition, any functional group can be suitably added through well-known 
methods while preserving the cvciodextrin structure and completing properties. 
Examples are: amidation, esterification, acylation, N-alkyhtiom aiiylation. ethynylation, 
oxidation, halogenation, hydrolysis, reactions with anhydrides, or hydrazines and other 
20 amines, including the formation of acetais. aldehydes, amides, modes, carbonyls, esters, 
u n« osazones, c me pro ulfonyls 
sulfonamides, nitrates, carbonates, metal salts, hydrazones, glycosones, mercaptals, and 
suitable combinations of these. The functional groups are then available for the cross- 
linking of one or more eyclodextrin molecules using a Afunctional reagent. 
25 Additional examples of cyclodextrins, Inclusion compounds and catalytic groups 

including chemical methods for modifying and/or derivatizing cyclodextrins that are 
useful in the instant invention are described in the following references, which are 
incorporated herein by reference. 

Atwood J.E.D., et ah Eds., "Inclusion Compounds", vols. 2 & 3, Acad. Press, NY 
30 (1984) 

Bender, Ml,., et al, "Cvciodextrin Chemistry", Springer- Verlag, Berlin, (1978) 
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Baidwia, £., et ai, Science 245, 11044 10? (1989) 
Bender, ML, J. Indus. Phenom. 2, 433-444 (1984) 
Bergeron, R.J., et al, Bioorgan. Chem, 5, 121-126 (1976) 
Boger, J., et a L Hdvet. Chim. Acta 61, 2190^2218 (1978) 
5 Breslow, R., et al, J, Amer. Chem. Soc. 92/4, 1075-1077 (1970) 

Buckler, S.A., et al, U.S. Pat. No. 5,472,835 (1969) 
Carlsson, J., er ai, Eur. j. Biochem. 59, 567-572 (1975) 
Case, LC, U.S. Pat. No. 3,502,601 (1970 and 3,510,471 (I 970) 
Cramer, R, et al, Chem. Ber. 103, 2138 (1970) 

10 Cramer, F., et ai, j. Amer. Chem. Soc. 89:1, 14-20 (1967) 

Emm, j., et al, j. Amer. Chem. Soc. 97, 670 (1975) 
Erlanger, B.F., Pharmacol. Rev, 25, 271-280 (1973) 
Furue, M.A., et al, Polymer. Lett. 13, 357 (1975) 
Gramera, R.E., et ai, Fr. Demaade 1, 584, 917 (1968) 

15 Harada, A., et al, Macromolecules 9, 701 and 705 (1976) 

Hatano, ML, et al, Japan Kokai 77,71,583 (1977) 
Hirai, H., J, Indus. Phenom. 2, 455-466 (1984) 
Ikeda, T„ et al, j. Indus. Phenom. 2, 669-674 (1984) 
Ikeda, T„ et al, j. Indus. Phenom. 5, 93-98 (1987) 

20 Iwakura, Y, et al, j. Amer. Chem. Soc. 97/15, 4432-4434 (1975) 

ji, T.PL, Biochim. et Biophys. Acta. 559, 39-69 (1979) 
Johnson, C.K. U.S. Pat. No. 3,654,261 (1972) 
Kavaguchi, Y„ et al, Anal. Chem. 55, 1852-1857 (1983) 
Kiotz, I.M., et ai. Arch. Biochem, Biophys. 96, 605-612 (1961) 

25 Rohayashi, M. , et al, Agrie. Biol Chem. 52, 2695-2702 (1 988). 

Lul, F- T„ et al, Biochem. 18, 690-697 (1979) 
Macsui, Y., et al, Chem. Lett., Oct., 1037-1040(1976) 
Mulier, B.W.W., et al U.S. Pat. No. 4,764,604 (1988) 
Ogata, N., japan Kokai 77,121,096 (1977) 

30 Parmerter, S.M., U.S. Pat. No. 3,426,01 1 (1969) and 3,453,257 (1969) 

Patoflay, G., et ai, Anal. Cbem. 57, 569-571 (1985) 
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Royer, G.P., et al, Biochem. Biophys. Res, Comm. 64, 478-484 (1975) 
Schultz, P.O., Science 240, 426 (1988) 

Smolkova-Keulemansova, E., j. Chromatog, 251, 17-34 (1982) 
Sxejtll J„ "Cyeiodextnns and Their Inclusion Complexes", A. Kiado, 'Budapest, 
5 Hungary (1982) 

Szejtli, j„ et al, Hung, Patent 19,626 (1978) 
Tabushi, L, et al, J. Amer. Chem. Soc. 98/24, 7855-7856 (1976) 
Tabushi, l. f et al, Tetrahed. Lett. No. 29, 2503-2506 (1977) 
Tabushi, L, Acc. Chem. Res. 15, 66-72 (1982) 
10 Traut, R.R., et al, Biochem. 12, 3266-3273 (1973) 

Tsuchiyama, Y., et al, U.S. Pat. No. 4,746,734 (1988) 
Ueno, A., et at J. Indus. Phenom. 2, 555-563 (1984) 

VanEttea, R.L., et al, J. Amer. Chem. Soc. 89/13 3242-3253 and 3253-3262 (1967) 
Vretblad, P., FEBS Lett. 47, No. 1, 86-89, Oct., (1974) 
15 Yagi, Y., et al, U.S. Pat. No. 4,781 ,977 (I9S8) 

Suitable coupling or cross-linking agents for preparing the water-soluble (or colloidal) 
CD earners of the instant invention can be -a variety of reagents previously described, 
including veil known crosslinkers used to polymerize CD's. Other suitable crosslinkers 
oi derh uizers ire arious epox> dii pyien xide, 1,2- 

20 diethoxyethane, 1 ,2,7,8-diepoxyoctane, 2,3-epoxy-i-propanol • >1 glyce ol 

propoxylate triglycidylether and 1 ,4-butanediol diglycidyl ether (e.g. Cramera, or Case, 
or Johnson, or Parmerter, supra). Also useful are methods employing acrylic esters such 
as tn-nki'ophenvi acryiates, and hexamethylen ediamine and p-xyiylenediamine complexes 
(e.g. Funic, or Harada. or Hat a no, or Ogata, supra), and aldehydes, ketones, alkyl haiides, 
25 acyi haiides, silicon haiides, isothiocyanates, and epoxides (e.g. Buckler, supra). 

For this invention, individual cyciodextrin. derivatives (i.e. monomer) as well as 
dkners, trimers and polymers are the primary components, or units used to synthesize 
the wate^-soluble for cello d dextrn polymer carriers. Although native 
30 cyclodextrins are useful for synthesizing the carriers, many other useful properties can be 
incorporated into the carriers by first derivatizing the cydodextrin components beiore 
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making the polymers. Denvadzmg k defined as the chemical modification of a CD 
through addition of any functional or coupling group and/or other substance. Generally, 

< as < b<: i.<st 1 to T icilitate cro - iio t ,, i i introduce 

Li u M ii "u'l 1 i or u r after the ca < *. 1 Frequent!) tn integral 

5 part of using derivatizcd cydodextrins involves protecting certain functional groups 
during certain cross-linking steps and then deprotectmg those groups for use in 
subsequent steps. 

A. Pro se ted_Hyd 1 (poops 

Primary and/or secondary hydroxy! groups on the cydodextrm (or derivatives), can 
10 be selectively protected and deprotected using known methods during derivatking 

and/or capping procedures, to provide selective cotiplmg at the primary or secondary end 
of the CD molecule, as desired. For instance, formation of protective esters (e.g. 
benzoates using benzoyl chloride), and selective cleavage (deproteetion), of primary esters 
using anhydrous alcohoiysts (e.g. Boyer, supra), provides mostly primary hydroxy!? for 
15 derivatization. After derivatization and/or coupling the primary hydroxyls, the 

secondary hydroxyls can be deproteeted for additional derivatization, coupling and/or 
capping, 

B, Fre patmion p;f Sulfpnylated Cyclodextrin, 

A variety of suitable methods are available for sulfonylation of CD or CD polymer 
20 before or after protection of specific hydroxy} groups (e.g. Bergeron, Boger or Ueno, 

supra), and/or capping of the CD (e.g. Emert or Tabushi, supra). Suitably, CD polymer 
(10 grn), Is combined with a suitable suifonylating reagent (20 gm), such as p- 
toluenesuliooyl (tosyl) chloride, meskylenesulfonyl chloride or naphthalenesultonyl 
chloride, among others, in anhydrous pyridine, for 3-5 Hrs at room temperature CRT). 
23 C. Pre paratit m^lL Ldj \ c Og-Cych £ tzJJJ njDja!£I > ! 

A dlaidehyde CD derivative (dial-CD) and dialdehyde cyclodextrin polymer (dial- 
CD polymer) is prepared by oxidation using known methods (e.g. Rover or Kobayash.il, 
supra), with sodium metaperiodate in water or suitable buffer solution (e.g. 0.2 M 

• i ne pH For use in pn . ;< clodextrin polymer carnei , dial-CD 
30 can also Include oxidised forms of HPCD and DHPCD. 
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D Ami i ' ( v ! > % v 

Amino groups can be introduced into CD polymer by reaction of a sulfonylated CD 
polymer with azide compounds including hydrazine, and 2,6-bis(4- izidc bencyildene)-4- 
methylcyclohexaaone (e.g. Ikeda, supra), or coupling to diamines as described by 
5 Kawaguchi, or Matsui, supra. 

Also, when desired, a "monoamine/" CD, wherein one amino group has been 
coupled, can he prepared through known methods, including limited or stericaily 
determined monosulfonylation, and/or by specific protection and deprotection schemes. 
An amino-CD or amino-CD polymer, is suitably protected and/or deproteeted as 
10 needed, 

E. I^mi| iQ ,Derlvatives ; 

A previously sulfonylated CD or CD polymer is suitably iodinated so thai: it will 
couple to primary amino groups, using known methods (e.g. Ikeda or Iwakura, supra). 
Suitably, 10 gm of sulfonylated CD or CD polymer is combined with 12 gm of Nai on 

15 200 ml of methanol and mix at 70 °C for 48-60 Hrs. The iodinated CD product is 
collected by precipitation with acetone and purified by column chromatography . 

The iodinated CD or CD polymer is coupled through an amino group to a suitable 
diamino substance. Suitable diamino substances are; 1 ,4-diaminobutane, 1,6- 
diaminohexane, 1 ,7-diam moheptane, 1,8-diaminoocrane, 1 , 1 0-diaminodeeaae, 1,12- 

20 diaminododecane, ami other aliphatic, or aromatic, or heterocyclic carboxyiic acids with 
to\<> mailable am x\ ling t suitable solven such i 

dimethylforraamide (DMF), mixing 30 gm of iodinated CD polymer with a molar excess 
of the diamine substance (e.g. J 0-20 gm of 1.6-diaminohexane), at 100 °C lor 24 Hrs. The 
product, amino-CD (or amino-CD polymer), is concentrated and purified by column 

25 chromatography. 
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F. Protected Amino Group s. 

The amino grou; s * . s methods can tx. sjual 1 , p'ot-H. i.d o 

) ch as N-(4-hromobutyl)phthali m&e 

\ite- otnet t \ i i.,' i planum! 

5 group is deprotected b; reaction wh : . - . de solvent. 

Also, the diamine substances of various chain lengths can be suitably derivadzed 
before coupling. For instance, they can be "half protected" as triiluoroaeetamidoalkanes 
at one of the amino ends, as described by Guilford, H,> et ai Biochem. Soc. Trans. 3, 438 
(1975), before coupling, and then suitably deprotected such as by hydrolysis or 
10 aicoholysis. Yet another suitable method involves the coupling of THP-protected ammo- 
alkynes, previously described, to the icdmatedCD or CD polymer and subsequent 
deprotection as needed. 

G. Sulfbvdrvl-Cvcbdextrm (SH-CD) Derivatives. 

A sulfhydryl group can be added to an ammo-CD , suitably prepared as described 
15 previously, by coupling the appropriate thiolaiing agent to the available amino group. 
For instance, thiolation of available amino groups can be done by known methods using 
S-acetylmercaptosuccinic anhydride (SAMSA), (e.g. Klotz, Rector, or Lui, supra), SIAB, 
or 2-iminothiolarte (e.g. Traut, supra). The sulfhydryl is protected as a disulfide during 
subsequent coupling reactions until it is exposed through disulfide cleavage, 
20 Sulfhydryls can also be introduced through reaction of available hydroxyls with a 

suitable epoxy compound. For instance, epichlorohydrin or a suitable diepoxy 
i ossib ioi ed s oupled to a CD or CD polymer wherein free epoxy 

groups are produced. Free epoxy groups are then reacted with sodium thiosuifate to give 
thiosulfate esters (e.g. Carlsson, supra). The thiosuifate esters are subsequently reduced to 
25 sulfhydryls with dithiothreitol. 

Thiosuifate groups can also be introduced by coupling }>propane sultotie or 1,4- 
butane suit one directly to the hydroxy! groups on the cyclodextrin. or CD dimer, t rimer 
or polymer. The thiosuifate esters are subsequently reduced to sulfhydryls with 
dithi sthreitol. 
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H. Thbsulfate-Cydodexmn fTS-CDi Derivatives, 

Thiosulfate groups can also be introduced by reacting primary or secondary 

ith mious cyclic st c ids s p k a s il s tl 1 \ I tthc< 

derivatives. For instance I t-butan ! t groups to produce 

5 a sulfobuiyl ether derivative (Stella, et al. US Pat. 5/134,127), or 1,3-propane sultone 

reacts with the hydroxy { groups to produce a suli'opropyl ether derivative (Szejtli, supra). 

New, mot 1 s than derivatives of single 

CD m< iecule can be s> nt -u i; • first preparing CD dimers. trailers or polymers of 
cyclodextrin by erossHnking the cyciodextrins by various means. For instance 
10 crosslmkmg is done using hifunctionai or multifunctional epoxy crossimkers such as 
epichlorohydrin, 2,5 epoxy- i ,4-butanedione, glycerol diglycidyl ether, or glycerol 
propoxykte triglycidyl ether, among others. Then the cfosslinked products are reacted 
with a cyclic sultone such as 1,4-butane or 13-propane sultone in basic conditions such as 
1-50% NaOH in water. The resulting derivative is generally more soluble that the initial 
15 crossiinked cyclodextrin and is cationic to allow migration in an electric field, 

I. Preparat io n of Carboxylic Acid C D Derivatives. 

A preferred method for adding carhoxylate groups is to couple glutarsc or succinic 
anhydride to a hydroxy! group on the CD, or CD dimer, trimer or polymer. This 
produces a terms : 

20 Also, carboxylates can be denvatized to an NHS ester using N-hydroxysuccinirnide and 

carbodsimi.de such as dicyciohexyl carbodiimide. 

Alternatively, a previously sulfonyiated CD or CD polymer can be suitably 

iodinated as previously described for diamine groups. An iodinated CD polymer or a. 

dial-CD polymer is coupled through the amino group to a suitable amino-carboxylic acid 
25 to provide the desired length of spacer. Suitable amino-carboxylic acids are; 4- 

aminobmyric acta, 6-aminohexanoic acid, 7-aminoheptanoic acid, 8-aminocaprylic acid, 

12-aminododecanoic acid, and other aliphatic, or aromatic, or heterocyclic carboxylic 

acids with an u 

Coupling i i i > c acid to iodinated CD or CD polymer is done in a 
30 i 1 ' i i 1 > maide (DMF), mixin < ( 

f 1 1 ith a . 1 i ' cess of amino-carboxylic acid (e.g 10 gn i hexanoit 
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acid), at 100 °C for 24 Hrs. The product, CD-carboxyiic acid, is concentrated and 
purified by column chromatograpkv. 

Coupling of amino-carboxylic acid to dial-CD or dial-CD polymer is done by 
reductive alkylation. In a suitable buffer (e.g. 0.1 M borate, pH 7.5-8.5), 0.1-0.5 M 
5 triethanokmineh 30 gm of dial CD polymer is mixed with a molar excess of amino- 
carboxvlic acid (e.g. 10 gm ot 12-aminodecanoic acid}, at RT for 1-2 Hrs. The Scion's 
base coupling is stabilized by suitable reduction with NaBH 4 (e.g. 0.1 -'I mg/rai), for 1-12 
Hrs. The product, CD-carboxylsc acid, is concentrated and purified by column 
chromatography and dried tor subsequent reactions as needed. 

10 j. Cj^>ino.Cyclodextrins. 

Capping is a type of dern ti u defined herein a coupling any suitable chemical 
"capping substance" to two or more sites on the CD molecule so that the substance spans 
the area bet we n the c up! i sitt Preft • < ip\ bstanee spans across one oi 
the end openings of the CD molecule and thereby stops the passage of a guest molecule 

15 through the capped CD molecule. 

The CD's used herein can be suitably complexed with one or more guest molecules 
and/ or derivatized and/or capped before, during or after their incorporation into the 
water-soluble CD polymer carrier of the instant invention, la addition, the derivatiziiig 
and/or capping can be a done to produce CD's with the desired substances coupled to 

'20: Specific locations on the CD molecule. In the preparation of CD derivatives for use as 
hosts for drugs or other agents, modifications that increase, affinity between the host CD 
and guest(s) are preferred. For instance, the host CD's of this invention are preferably 
derivauzed (e.g. methylated or benzykted), and/or capped by various means to increase 
host-guest affinity. 

25 K.Den n> i > md Caring Substances. 

Preferably, the capping substance is coupled at the primary or secondary "end" of the 
CD molecule, forming a bridge across either (or both) opening's) that includes suitable 
i ippmg substance H substances can be coupled 

directly to available hydroxy Is on the CD, or they can be coupled to suitable functional 

30 groups such as; diamine (or triamino), compounds to iodinated CD, or azido compounds 
co suifonyiated hydroxy is. and/or through "spacers" added to the CD. 
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Suitable eappn g vi snces a io< s wbmmo-deox*} and 6-methylamino 6-deoxy 
derivative ; transfon s m m 

henzophenone-disulfonyl hloride, p,p itili : iisdh ch >rid< diphenyimethane- 
p.p'-disulfonyl chloride, terephthaloyl chloride, dianhydrides such as 3,3',4,4 : - 
5 henzophenonetetracarboxyhc d tan hydride and 3,4,9, I C- per vie netetr aca rboxy 1 tc 
uhydride otidc corap mtis l« I > 2 i i > lobe ieneM- 
raethykyclohexanone, and derivatives of aurintricarboxylic acid (e.g. thtonyl chloride 
derivatives, triamnioniu.ro salts "aluminons"), among others (e.g. Szejtli, Emert, Tabushi, 
or Cramer, supra). 



The purpose is to prepare a water-voluble (or colloidal) cyclodextrin polymer carrier 
with completely entrapped anthracene. In this preparation, beta cyclodextrin was cross- 
linked while compiexed with anthracene at a molar ratio of 4:1, The procedure was to 

15 combine 10 ml of water containing -0002 moles of cyclodextrin with 1 ml of chloroform 
containing 30005 m !es of anthracene. After about 15 minutes of mixing at about 20,000 
rpm with a stainless steel impeller and Dremel motor, most of the solvent had 
evaporated. While still mixing, 0.4 mi of epichlorohydriu and 0.2 ml of 2 N NaOH was 
added. After about 20 minutes, the reaction was stopped by adding 0.4 ml of 

20 ethanoiamine. The resulting solution was allowed to settle and examined over UV 
illumination. 

The turbid solution had a greenish-yellow, fluorescent top layer indicating 
unincorporated anthracene. However, the aqueous phase of the solution showed a 
distinct blue fluorescence, indicating that some anthracene was complexed in the cross- 
25 linked cyclodextrin polymer suspended in the aqueous phase. 

The preparation in the aqueous phase was separated and concentrated by evaporation 
and then extracted 3 times with 4 ml of fresh chloroform by mixing, settling and drawing 
! j t pha The pi ration resu ided in watej and produced $ turbid 
m that v til * its flu e en Since ilorc m extrac ion did not remove 
30 the anthracene, t showed t t the anih n raplet* f pf i within the 

cyclodextrin polymer. 
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PREPARATION IL 

f J 5 f LI _ [ JggJ _ 

The purpose is tc p u r.ei lymercarriei 
ith e< mpl i 1 r < \ 1 ce i i nl 

5 0,5 ml of 4,4% beta cyclodeatrin in watet. ts hh 0.02 ml of sc luu t t 1 ling » 1.4 
butanediol diglycidyl ether (BDE). 10% of 0.1 M guest, molecule, 2~armnoanthraeene in 
dimethylformamide, and 2.4% 2 N NaOH while mixing vigorously and incubating at 60 
°C 

After about 1 hour, 0.2 ml of .01 M K,HPO« (K2 buffer, pH 8.6), and .02 mi more of 

10 BDE was added and mixed to continue the crosslinking. After about one half hour more, 
the mixture was mixed with 0.1 mi of 1M lysine for about 2.5 hours more. The 
preparation was then centrifuged for 8 minutes at 250O rpm and 0.55 mi of supernatant 
was fractionated on a column of Sephadex" G-25 (14 x .8 cm) equilibrated with K2 buffer. 
The 0.5 ml fractions were then collected and examined for color to indicate the 

IS presence of the guest molecule 2AA. Fractions were also tested for carbohydrate to 
indicate eyciodextrin polymer. To a 50 ul aliquot of polymer fraction in water was 
added 1 drop of test reagent (3 gm potassium dicbromate, 10 mi cone. Fi 2 S0 4 and 290 mi 
water), the mixture was heated gently to oxidize the samples. The intensity of the dark 
residue was graded on. a scale of 1-10. 

20 The carbohydrate test showed that the polymerized eyclodextrin was in fractions 4 

through 8, which was in the area of the void volume determined previously with a blue 
dextran control sample. Also, yellow color was seen in corresponding fractions 4 
through 6, showing that guest molecule 2AA could not be separated from the polymer on 
the column. The carbohydrate (eyclodextrin) test and yellow color test results for the 

25 column fractions are shown in Table A below (Exper. il/t 4/89). 

TABLE A. 

CD I lymer Ft cti n I 2 3 4 5 6 7 8 9 

Relative Carbohydrate 0 0 5 9 10 10 10 9 5 
30 Yellow Color No No No Yes Yes Yes No No No 
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PREPARATION HE 
5 ydbdextrin J | : y if <■ rh Tnhe.ed.t uest 
The purpose is to first prepare a water-soluh e (oi c lloidal c in pol y net 

usiag 1,4 butanediol diglycidyS ether (BDE) to crosslink wirh the cyclodextrin hydroxy! 
5 groups. Additional BDE molecules are allowed to randomly couple at only one end 
before excess lysine is added. The lysine is covalently incorporated by covalently 
coupling to free ends of the BDE previously coupled to the cyclodextrin. The 
combination of BDE and lysine functions as a spacer group on die cyel iextrin polymer. 
The fhioropkore 2-ammoamhracene is then covalently tethered as a captured guest to the 
10 cyclodextrin polymer through the amino group on the BDE-lysine spacer using 
gktaraklehyde. 

n i yciodextri .)lym< t _ pee ' i m 
The procedure was to combine 2 ml of 4.4 i i d <mn o v. ue , 0 1 ml of 2 
N NaOH and ,116 ml of 1,4 butanediol digiycidyl ether (BDE) while mixing and 
IS incubating at 50 °C. The molar ratio of BDE to cyclodextrin was about 5:1. After about 
4 hours, a 0.5 ml aliquot of the mixture was mixed with 0.2 ml of lysine (0.8 M in water, 
neutralized) for about i.5 hours. The CD polymer was then fractionated on a column of 
Sephadex* G-25 (21 x 3 cm) equilibrated with distilled HO and pre-calibrated with free 
cyclodextrin. 

20 The i ml fractions were then collected and tested for carbohydrate to demonstrate 

cyclodextrin polymer. To a 50 pi aliquot of polymer fraction in water was added 1. drop 
of test reagent (3 gm potassium dichromate, 10 ml cone. HySO, and 290 mi water}. The 
mixture was heated gently to oxidize the samples. The intensity of the dark residue was 
graded on a scale of M0. The polymerized cyclodextrin was in the fractions (3-4} 

25 containing a carbohydrate peak that eluted well ahead of the. free cyclodextrin control 
(which peaked at traction 9). The CD polymer fractions (3,4) were pooled. 
dl££L~JLl t v ' t > T ! t i i | H ( L 

Fhe '■ T > pi h ner with Ivsme was ( n upled i jgh \ e grca ps to the 

guest molecule 2 s i 1 method based on 

30 Guesdon,J-L, et ah J of Histochem. Cytochem. 27, 1131-1139 (1979). The procedure was 
to combine 0,9 ml of the CD polymer with 0. 1 ml of 25% gtutaraidehyde (in water) and 
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.02 ml 1 N NaOH (starting pH 12), and mis for about 25 minutes, The mixture was 
fractionated to remo\ e e v < jutaraid i ii a column of Sephadex* G-25 (9 s .8 cm) 
equilibrated with distilled lip, collecting 0.3 ml fractions. The polymer fractions were 
pooled in a 1 A nil volume. The 2-aminoamhraceae was then coupled by mixing in a 
5 " * tinoai . ^ T ' 1 r T nd 0.01 ml 2 

N NaOH (starting pH 12). This was reacted for 4 hours then blocked with 0,1 ml of 
ethanolamine. The Schiff base coupling was stabilized by adding 0.01 |m ofNaBH* and 
incubating overnight. 

The mixture was then neutralized with i N HC1 and excess 2-aminoamhracene was 

10 removed by fractionating on a column of Sep hades" G-25 (9 x .8 cm) equilibrated with 
distilled H,0, collecting 0.5 ml fractions. The fractions were then tested for 
carbohydrate as described previously and those with carbohydrate were also tested for 
guest molecule using c hems luminescence (CL). The CL procedure was to activate the 2- 
ammoanthracene using oxidation, of bi.s(2,4,6-trichlorophenyl) oxalate ester (TCPO). 

1 5 Into an FL-CD sample (.02 ml in 0.1 ml of 0. 1 M KJiPO,), was added 0.01 ml .22% 
TCPO in ethyl acetate. After placing the sample into a dark chamber in the 
lummometer, I ml of 0,4 M H 2 0j was injected and the light emission recorded on a chart 
recorder. The carbohydrate (cyciodextrin) test and CL test results for the fractions are 
shown in Table B below (Exper. CD/iJ. 

20 TABL E B. 

i-' L-CP Polymer Fraction i. > 3 4 5 6 7 8 9 

Relative Cvclodextrin 5 7 9 9 10 8 6 5 NT 

Relative CL Emission .25 TO 3.33 10.0 > 10 3.6 1.5 ,40 .28 

25 

These data show that the carbohydrate peak also corresponds to the most 
fiuorophore CL activity. This CL activity shows that the guest molecule 2- 
aminoanthracene is coupled to the CD polymer and could not be separated by column 
chromatography. 
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Cyclodextr in Pol ymer Carrier Targete d. with Ant ibody Protein, 
The purpose is ro synthesize a targeted cyclodextrin polymer carrier by covalemly 
S p ingi o ig tition molecule to a q elodextrin polyme; cat > ier In this example, 
5 the carrier was prepared as in 'Preparation '01, and the biorecognition molecule is 
antibody protein, 

A. Prepaid »o r of PI C D PoKmei ? -th - I yi (NHS) 

Ester . 

In this step a cyclodextrin polymer carrier is covalemly coupled with NHS ester to 
iO form a NHS-CD, FL-C0 polymer carrier (with tethered 2-aminoanthracene) was 

prepared is hxH and fractionated by < >iumn f >ma , < y mi iepha ryl" S200 in 
a 1.5 x 18.5 cm column equilibrated with water (Exper. CD/8). The purified FL-CD was 
collected in 1 mi fractions #8-19, and pooled to give a greenish-yellow fluorescent 
solution. The solution was dried at 60 °C to give about .36 gm. The product was 
15 dissolved in water and titrated to pH 6 with 6 N HCl giving .144 gm FL-CD polymer 
carrier per ml 

The procedure is to form NHS esters with the earboxylfc acid groups on the lysine 
that is incorporated into the FL-CD polymer carrier. To 1 ml of dissolved FL-CD 
polymer carrier was added 0,1 gm of N, N -dicyclohexylcarbodiimide (DCC) and mixed 
20 to dissolve. Then 0. i gm of N-hydroxysuccinimide was added with mixing. After about 
1.5 hours, 0,05 ml of glacial acetic acid was added and mixed about 25 minutes. To the 
mixture was added about 4 ml of anhydrous methanol, then it was mixed, centrifuge;:! 
and the light yellow supernatant was collected. The resulting solution of FL-CD 
polymer with coupled NHS ester groups was concentrated by evaporation and stored in 
25 the refrigerator. 

1 Couoi ' < nnaGJ hi .e PL-CD Pol ^ Carrer. 

In this step the purpose is to covalemly couple antibody protein (human gamma 
globulin) to cyclodextrin polymer carrier with, tethered guest 2-aminoanthracene. 

To a glass test tube was added 0,2 ml of 0.1 M KdlPCX, phi 8.5 in water, 0.1 ml 1.6% 
30 human gamma globulin and 0.2 ml of 50% methanol containing about 0,09 gm/rnl of FL- 
CD polymer carrier with coupled NHS ester. The pH of the mixture was adjusted to 
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about pH 7 with 2 N NaOH and incubated about 2 days at RX The labeled protein was 
recovered by precipitation i - adding i.5 ml of 52 \H ) SO, in water to the mixture 
and centrifuging to collect the precipitate. The precipitate, was dialyzed against distilled 
water to remove (NlQjSO^ and concentrated to a final volume of 0.1 i ml 

Aliquots of the. targeted cyciodextrin polymer carrier were tested for CL activity 
using TCPO as described previously. The peak height of CL activity of the carrier was 
low but the CL activity continued for a longer time when compared to the FL-CD 
polymer carrier alone and to control gamma globulin. The CL activity showed that the 
gamma globulin bioreeognition molecule was coupled to the IT. -CD polymer carrier. 
PREPARATION V. 
['< b m ■ _< nij Lid ! - I ' ^ 1 1 ^ „ s 

The purpose is to synthesize a water-soluble (or colloidal) cyciodextrin polymer 
carrier that contains completely entrapped paclitaxel (PTX) and the polymer includes 
acid-labile hydrazone linkages that provide controlled release. The following Table C is a 
schematic of the reactions employed. 

TABLE C 

\ \ \ H 

C»0 + hydrazine C«N-NH 2 + cross-linking C»N»N 

^ p. [anipico 1 



C-O C-N-NH, agent C»N-N 

/ / / H 

GydodexTrm Hydrazone Linkages Cross-linked 

Aldehydes with Terminal Amines Polymer 

A- P reparation g Oxidation 

The purpose is to oxidize the cyciodextrin {CD) to produce dialdehydes that can 
subsequently be reacted with hydrazine to form an acid-labile hydrazone linkage. The 
hydrazone linkages on each cyciodextrin will also have terminal amino groups for 
subsequent crosslinking to make the polymer carrier. 

The oxidation procedure s basec > i pub 1 ed met! i !i e othei 

polysaccharides and specifically cyciodextrins (Kobayashi, supra). This method 



36 

SUBSTITUTE SHEET (RULE 28} 



WOOW4096Z 



PCT/US99/3082-0 



introduces dialdehyde groups at the CO. C-3-trans-diol position of the cyclodextrin 
glucose residues. 

The procedure was to add s lim >« iodat* v I / t. JO mM cyclodextrin in 

ml 1 v<- lie mixing at. 3 1 1 i raise >i Nab ^ to c odex s is 
5 2:1. to give i to 2 di.aideh.ydes per CD molecule. The reaction was continued in the dark 
for 6 to 8 hours. Remaining NafO., was consumed with a molar excess of ethylene 
glycol. The resulting dialdehyde cyclodextrin (dial-CD) was fractionated using gel 
filtration on a Sephadex™ G-25 column. The more open dial-CD molecules haw been 
found to elate ahead of the native CD. The fractions were concentrated by evaporation, 
10 under vacuum. 

The amount of CD (mw 1 135) as carbohydrate in each fraction is monitored by a 
colorimecric test for carbohydrates. To 2 mi of water containing diluted diai-CD traction 
f.01-,05 mg) is added 0.C5 mi of 80 ^ i- r 1 ben Dn of u ncej t tt furic a« id is 
added rapidly to mix. Color is allowed to develop 20 minutes at 25-30 °C and the 
15 absorbance is read at 490 am. The absorbance is compared to a series of identically 
treated CD standards at .005, .01, .02, .04, ,08 and .1 mg per mi ITO, 

B. Preparation oOfeteSSaXiakgg^ on the C^ 

This reaction involves a condensation reaction of the hydrazine with available 
Udehydes to produce a hyd is i kage 1 bjective is to react dial-CD with enough 

20 hydrazines that ideal ich availab il 1 is c spied; a single h drazinc vitl 
niinnnal cross iinkii / The dial CD 1 ' ^ n is dissolved in water to give starting 
Concentrations of 30 mM. While stirring the solution at room temperature, a 3 to 4-fold 
molar excess of hydrazine (Sigma) is added with continued stirring for 2 hours. The 
resulting hydrazone cyclodextrin (HoCD) is fractionated on a Sephadex™ G-15 column 

25 and the fractions dried to constant weight by vacuum evaporation. 

The number of amino groups is determined colorimetrically using a Blue G-250 assay 
reagent for protein (Reagent Kit Cat #23200, Pierce, Rockford IL) with the absorbance 
read at 595 nm. To ensure that enough amino groups are available, the Hx-CD fractions 
with at least 2 free amino gt . r < art used in the ne\l step 
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C. Preparation of CD P olymer with Compk-te) v£ntra.p. ^d Drug. 
The purpose is to cross-link Fix-CD to form a water-soluble (or colloidal) 
cyclodextrm polymer carrier that is acid-labile. The polymers preferably have molecular 

ts m bo u-ed. In 

5 this procedure the Hz-CD monomers are cross-linked through the terminal amino groups 
on the hydrazine derivatives. 

In order to entrap the drug, the paditaxe! (PTX) is dissolved in a solvent and mixed 
with the Hz-CD to form inclusion complexes. Then the Hz-CD is cross-linked to form 
the polymer and completely entrap the drug in polymer aggregates. 
10 Preparations can be made with molecular ratios between 1:1 and 1:8 of PTX to Hz- 

CD. A near saturated suspension of Hz-CD is prepared in 0.05 M phosphate buffer, pH 
7.5 (PB). The PTX (about 2 raM) in methanol is added with vigorous mixing (20,000 
rpm impeller) \X- bib mixing th< cue is exposed ? - tin t ji - »us phase f > allow 
complexes to form between die PTX and Hz-CD. Mixing is continued for 15 minutes to 
15 one hour. The cross-linking reagent is then be added while continuing to mix. 

At this point, a variety of ammo-reactive, Afunctional deavable or noncleavable 
agents with different spacer lengths can be used to cross-link amino groups. For this 
example, cross-linking is done with a Afunctional, deavable coupling agent (Tech. Bull. 
#0544, Pierce Chem. Co., Rockford It), dirhiobis{succimrotdyl propionate) (DSP, spacer 
20 length 12 angstroms). During polymerization, the objective is to completely entrap the 
drugmpi * outs nt s solubl (or colloidal) The on ohnkmg reaction i 

run for about 3 hours or just before insoluble polymers form. 

The resulting PTX-loaded CD polymer (PTX-CD) is then fractionated by gel 
exclusion chromatography on pre-calibrated columns of Sephaeryi® S200-HR (40 x 5 cm) 
25 equilibrated with PB. I 5 re-calibration is done using various molecular weight dextraxis 
(i.e. 15,000 to 60,000, Sigma) in separate runs. 

The PTX-CD fractions that elute in molecular weight ranges between 20,000 and 
! d at 50 V 'C md weighed 1 >m j t *■ r s m y >e 

concentrated by centrifugal filtration using suitable molecular wei i i * iter tubes 
30 (Micron Separations Inc., Westbo.ro MA). Other fractions of higher or lower molecular 
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weight may also be suitable. The approximate moles of product are calculated as total 
grams of dried carrier divided by the apparent molecular weight. 

Alternatively, suitable derivatives of cyciodextrin can be used to prepare the carrier 
including CD-blocks described previously. Preferred CD derivatives are hydroxypropyl 
5 eye! lextrin (HPCf ! and 2,3-dii t 1 DHPCD Peroxidation 

to diaidehyde. a preferred form of HPCD or DHPCD is one with 3-4 degrees of 
substitution with propylene oxide or glycidol (Pitha, supra). 

Alternatively, other cross-linkers that provide longer spacer lengths to avoid scerie 
hindrance can be used. One example is ethylene, glycol bis(suecinimidy!succinate) (EGS. 
10 16 J angstrom spacer). EGS is cleavabie with hydroxylamme 

Also, the Hit-CD can be polymerized using the water-soluble Afunctional reagent 
dimethyl adipitnate (DMA, 8.6 angstrom spacer, Technical Bull. "0438, Pierce). The 
parameters of molar ratios and reaction times for cross-linking Hz-CD with DMA are 
suitably optimized for the desired polymer size. A near saturated suspension of Hz-CD 
15 and PTX in methanol is prepared in PB with vigorous mixing as described previously. 
As the solvent evaporates, the drug is forced into the aqueous phase to allow complexes 
to form between the PTX and Hz-CD. The DMA is added and mixed for 2-6 hours. 
The resulting PTX-CD is fractionated by gel exclusion chromatography as described 
previously. The hydrazine linkages provide controlled release when hydrolyzed to 
20 release free drug maximally at pH 4-5. 

PREPARATION VI. 
Targeted ( ^ nt t apped Doxorub icin . 

" Preparation of CD Polymer -with fn 1 G ougs. 

The purpose is to cross-link gamma cyciodextrin (Mol. Wt. 1297), to form a water- 
25 soluble (or colloidal) cyciodextrin polymer carrier that has completely entrapped 

doxorubicin (DOX). Cyclodextrins are crosslmked through their hydroxy! groups to 
each other using 1,4 butanediol diglycidyl ether (BDE, Mol.Wt. 202.2). 

In order to entrap the drug, the DOX is dissolved in a solvent and mixed with the 
CD to form inclusion complexes. Then the CD is cross-linked to form the polymer and 
30 completely entrap the drug in polymer aggregates. 
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A preparation is made to give a molecular ratio between 1:2 and 1:8 of DOX to CD. 

) ;>od to the CD to < exes to form between the 

DOX and CD. The procedure is to combine near saturated DOX with 100 ml of 4.0% 
cyclodextrift in 0*20% (v/v) dimetiiyiformamide (DMF) in water, with 5 ml of 2 N 
5 NaOI 1 1 v nixing (20,0C i impeller). The < rossdi.o.king 

reaction is initiated by adding 10 ml. of 93% BDE while mixing and incubating at 60 ' J C 

The reaction is conducted for 2-6 hours followed by the addition of a molar excess of 
lysine (0.75 ml of 4 M lysine in water, adjusted to pH 8). Lysine is incorporated Into the 
polymer as the BDE cross-links the lysine through one of its amino groups to the 
10 eyelodextrm. The excess iysine also couples to and blocks any remaining free BDE. 
Mixing is continued for one more hour and the mixture is then neutralized with 1 N 
HCL 

Aliquots of the drug-loaded CD polymer carrier are then fractionated by gel 
exclusion chromatography on pre-calibrated columns of Sephacryl® S200-HR (40 x 5 cm) 
i'5 equilibrated with distilled H,0. Pre-calibration is done using various molecular weight 
dextrans (i.e. 15,000 to 60,000, Sigma) in separate runs. 

The carrier fractions that eiute in molecular weight ranges between 20,000 and 
50,000 are taken to the next step. Other fractions of higher or lower molecular weight 
may also be suitable. The fractions are then vacuum dried at 50 ' 'C and weighed. The 
20 approximate moles of product are calculated as total grams of dried carrier divided by the 
apparent molecular weight. The relative amount of CD in the fractions can be 
monitored by a colorimetric test as described previously. The CD polymer tractions can 
also be. tested for the presence of amino groups as described previously. 

If needed, additional lysine molecules can be added to the PolyCD. The procedure is 
25 to again treat the carrier with BDE as described above, but for only 20-30 minutes. 

Additional amino groups are then introduced with the excess lysine treatment and the 
product is fractionated on Sephacryl® as described. 

Alternatively, a selective derivaiization procedure is used that takes advantage of the 
more reactive primary hydroxyls. The procedure is to Erst "tosylate" two or more 
30 primary hydroxyls on each eyelodextrm and then replace the rosy! groups with amino 



40 

SUBSTITUTE SHEET (RULE 26) 



wo wmei 



FCT/USS8/3O820 



groups 1 he cyciodex sins are then con ph ■ ed by cross- 

linking t hrough the aminos using a Afunctional cross-linking agent. 

The tosylation step is done by reacting 12 grams of cydodextrm with 9 grams ofp- 
1 r ulfon uie fi doride) in n d - t > i i f I 

5 tosyl chloride is added in 3 gram aliquots over a 36 hour p.. iod it h is? t stirrii 

the mixture for a total of 48 hours. The reaction is stopped with 20 ml of methanol. The 
product is precipitated, filtered and washed with 200 ml aliquots of chloroform, then 
dried. 

The tosyl groups are substituted for azlde by dissolving 1.3 gm of the tosylated 
10 cydodextrm in 10C mi of dimethylformamide (DMF) and adding i. gm of sodium azide. 
The mixture is heated with stirring to 100 "C for 2 hours and the product is collected 
from dried supernatant. The product is dissolved in 10 ml of water, precipitated with 
acetone and dried. 

The azide cydodextrm is reduced to the amine by dissolving 1 gm in 100 ml of 20% 
15 methanol/ water containing .4 gm of palladium black catalyst (Sigma). The mixture is 
stirred 1 hour under FT, then filter through Celite, The ammo-dertvatized cydodextrm 
is collected by drying. 

The resulting axnino-cyclodexrrin (ammo-CD), can then be complexed with DOX 
and polymerized using any water-soluble Afunctional reagent such as dimethyl 
20 suberimidate (DMS. Mol. Wt 273,2), which is routinely used to selectively couple amino 
groups (Technical Bull, Pierce). 

The parameters of molar ratios and reaction times for cross-linking ami no-CD with 
DMS are optimized for the desired polymer carrier. Typically, to 100 ml of 4.0% amino- 
CD previously complexed with DOX in 0.2 M triethanoiamme HC1, pH 8.5 in water, is 
25 added 4 gm of DMS and mix at 60 °C for 2-6 hours. The reaction is stopped by the 

addition of a molar excess of lysine (4 M adjusted to pH 8), Lysine is incorporated into 
the polymer as the DMS cross-links the lysine and additional amino groups are available 
for coupling to antibody, 1" he execs sine also coup 1 i naming free 

DMS. The mixing is continued for one more hour and the mixture is then neutralized 
30 withlNHCl The resulting polymer is i t 1 . t ! ttogra 

* h an 
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available amino group can be used in place of the lysine such as antibodies or other 
proteins, polypeptides, or ammo-sugars. Also, other anticancer drugs can be used in place 
of DOX such as daunomycin, puromycin or eihpticine. 

B. Introduc ' ' v * „ i, y T) c i }4 >n the CD Carrier, 

5 The CD polymer can ^ is thiol * 1 1 m isfyiiigtl 1 ?in< rj « les using 2- 

miaothiolane {! 1 1 l the technical bul n from Pierce Ch 1 

number of available amino groups on the carrier can be determined as described 
previously. The molar ratio that is used between the carrier and 2-immothioiane is about 
1:10. 

10 The reaction is carried out by combining OA mmoies of carrier dissoi ved in 0. 3 6 M 

borate buffer (pH 8.0), and 4 mmoies of 2-im.mothiolane. The mixture is mixed for about 
2 hours at room temperature. The resulting thiolated carrier is separated by gel 
chromatography using a SephadoT G15 column equilibrated with. 0,05 M phosphate 
buffer, pH 7.5. 

I 5 Allquots of the thiolated carrier can be tested for the presence of sulfhydryi groups. 

The test for stdfhydryi is a standard test that employs 5 ) 5 ! -dithiobis(2-nitrobenzoic acid* 
rJTNB). The procedure is to combine 0.1 ml of thio-polyCD samples diluted in water 
with 1 ml of deoxygenated 0.2 M Tris buffer, pH 8.2, and add 0.1 ml of 0.01 M RIMS in 
deoxygenated methanol. Color is allowed to develop for 30 minutes and the ahsorbance 

.20 is read at 412 am on a spectrophotometer. The results are compared to a standard curve 
of identically tested dilutions of 2-mercaptoethanol. The goal is to introduce an average 
of at least three stdfhydryi groups (Oonercaptoethanol molar equivalents), for each mole 
of thiolated carrier. 

{ Conjuga fth n _ ch 

25 The molar ratio of thiolated carrier to antibody is about 4:1. For instance, 0.02 

mmoies of the 20,000 molecular weight fraction of thiolated carrier is conjugated with 
0.005 mmoies of antibody previously coupled through amino groups t o m- 
maleimidobenzoyl-N*hydroxysuccinimide ester (MBS-antibody) (MW 140,000). Other 
molar ratios of thiolated carrier to antibody can be used during conjugation. 
30 The conjugation reaction is to combine freshly prepared MBS-antibody with 

thiolated can ter in 0.05 M phosphate buffer, pH 7.5, and stir for 2 hours at room 
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temperature The conjugate is fract I by gel i i i • .yapivusmg 
bovine IgG calibrated Sephacryi® 5200-HR column equilibrated with the same buffer. 
The fraaioi t iju llected tion collecio equipped with an ulcravioiet 

monitor set at 280 nra to detect the IgG. The conjugate is in the fractions containing IgG 
5 and corresponding to molecular weights greater than 200,000. 

The conjugate fractions can be tested for protein content using the Bradford 
colorimetrie method and tested for carbohw M < 1 >rc h bractsorr 

greater than 200,000 molecular weight are pooled and concentrated by centrifugation 
hlti sti 

10 Westboro MA) or by precipitation with ammonium sulfate and dialysis against PB. 

PREPARATION VII. 
fo 2 ! i i 1 J tpped Doxorubici n. 

{CD41B} The purpose is to prepare oxidize cyclodextrm (CD) to produce 
dialdehydes that are then reacted with a diamine compound such as 1,6 hexanediamme to 
15 provide terminal amino groups for subsequent crosslinking to make the polymer carrier. 
Alternatively, CD monomers, dimers or polymers can be derivatized using methods 
previously described for introducing active groups for coupling with amino groups. For 
instance, the CD (or CD-block) can be suitably tosylated, or treated with various 
Afunctional epoxy compounds such as BDE or GDE before coupling to the amino 
20 compound. 

(CD 52) In some preparations, CD-block dimers, miners and polymers were first 
synthesized by crosslinking the CD with epoxy coupling agents such as BDE. GDE or 
TMJE. For GDE, the procedure was to combine about 4.5 gm of CD dissolved in about 
60 ml of 60 °C water with about 0. 1 ml of 10 N KOH and about 0.5 ml of GDE. The 
25 solution is mixed vigorously at 60 W C for 2-4 hours or until the GDE is consumed. At 
this point the mixture, can be oxidized to produce dial-CD blocks, or the CD-blocks can 
be treated with glycidoi before oxidation to pt ciuce p d ld< CD \ ■>> ..cm the 
next seep. Alternatively, the un < * • P k be derivati ;d with amino s 

thiol groups for subsequent crosslinking in CD carrier synthesis. 
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A. Preparation of Dialdehyde CD Using Oxidation. 

The oxidation procedure is similar to that of Preparation V. The procedure was to 
add 3.42 gm of sodium m-periodate (NalO,) to 4,546 gm of beta eyclodextrin dissolved in 
60 ml of water and 0.5 ml of 10 N KOH at 70-80 °C. The molar ratio of NalO* to 
5 eyclodextrin was 4:1. After one hour, the pH. of the solution was adjusted up to 14 with 
03 nil of 10 N KOH ax > i " ! in the dat k overnight 

The pH was adjusted to 7 with .02 ml of 10 N KOH and the remaining NalO,, was 
consumed with a 2x molar excess of ethylene glycol (0.5 ml). The resulting dialdehyde 
eyclodextrin (dial-CD) was clarified by filtration through a 0.2 micron filter and 
10 fractionated on a Sephadex™ G-25 column. The leading fractions containing dial-CD 
were pooled. 

In some preparations, the dial-CD was subsequently crosslinked using various 
epoxides such as BDE or GDE, which produced CD-block dimers, trimers and polymers 
containing aldehydes, Alternatively, the CD {or CD-block) has been treated with 
1 5 glycidol (2-7x molar excess, pH 7-10) before oxidation, which produces 2,3- 

dihydroxypropyl eyclodextrin (DHPCD) with additional diols at the primary and 
secondary sides of the molecule. Subsequent oxidation then converts the diois to 
aldehydes to produce a "polyaldehyde-CD", which can then be coupled with amino 
groups. 

20 B Prepa t r if 1,6 H sanedi n Vmpied CD Monomer. 

This reaction tnvoh es tfo reaction of the amino groups on 1,6 hexanediamin ; 
(HXDA) with available aldehydes on the dial-CD (or poly-CD) to form aldehyde bonds 
with amnio groups so that ideally each aldehyde is coupled to a single HXDA molecule 
with minimal cross-linking. About a 4x molar excess of HXDA was added to about 

25 -0014 moles of the dial-CD preparation in water while stirring at room temperature. The 
pH was adjusted to 7 with about .1.3 ml of 6 N HC1, and reacted overnight. The 
resulting '! ,6 hexanediamine-coupied eyclodextrin monomer (HXDA-CD) was 
concentrated by evaporation to about 15 ml The entire solution was applied to a 
Sephadex™ G-25 column in water. The fractions were tested colorimetncally for 

30 carbohydrate content and amino groups. The front fractions containing carbohydrate 
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and amino groups were pooled and HXDA-CD monomer was concentrated By 
evaporation to about 20 nil 

Alternatively, other amino compounds ha\ bet e oxi ized CD such 

as hydrazine, adipic acid dihydrazide, glutamic acid, beta-phenylethylamine, laurylatnine 
5 ni i 1 1 t. t * ■ 1 1 i t i i 1 v v 1 t 

or CD-block such as polypeptides, 6-amino-N-hexanoic acid, arginine, protamines, N-(2- 
aminoeth I ropanediamin* EPD) and nucl c acids 

C. Preparation of HXDA-CD Polymer with Completely Entrapped DOX. 
(CD49) The purpose is to cross-link HXDA-CD monomer through the terminal 

10 amino groups to form a water-soluble {'or colloidal) cyclodextrin polymer carrier. The 
carrier is prepared by combining HXDA-CD .monomer with DOX, then adding an 
"activated" HXDA-CD monomer that polymerizes with the HXDA-CD and entraps the 
DOX in situ . The "activated" monomer can be any CD monomer (or CD-block) that 
has been treated to provide active coupling groups that will crosslink with the amino 

15 groups on the other CD monomer or CD-block. Monomers can be activated by treating 
them with a variety of Afunctional coupling agents listed previously. Also, dial-CD can 
be used as the activated monomer where the aldehyde groups can couple to the amino 
groups of the HXDA-CD. 

In this case, the HXDA-CD is treated with glutaraldehyde to form aldehyde bonds 

20 with amino groups before combining it with the other monomer and drug. Activated 
monomer was prepared by combining about 0.126 gm of HXDA-CD in 2.1 ml water 
w th iC ml of 1 N Na< M 5 md t en aid"., 35 ml < 2C ! gluts ildehyde in vi ru 
Drug-complexed monomer was prepared by combining about .021 gm of HXDA-CD in 
.35 ml of water with about 3.25 mg of DOX in .28 ml of water. 

25 After about 20 minutes, drug-loaded carrier was prepared by combining one half of 

the activated monomer {,063 gm in 1.4 ml) with the drug-complexed monomer 
preparation. A drug-free control carrier was also prepared by combining 1.4 ml of the 
same activated monomer solution with .35 ml of water containing .021 gm of untreated 
monomer only. Both mixtures were allowed to crosslink for about 1,5 hours, then 

30 dialyzed for about 1 hour in 12,400 molecular weight cutoff (MWCO), cellulose cubing 
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against 70% isopropanoi in water. Dialysis was continued for about three more hours 
against distilled water. 

After no detectable BOX was found in the dialysate, the preparations were -analyzed 
for DOX. DOX was measured by diluting .02 ml aliquots of sample into .18 ml of 1 N 
5 NaOH, reading the absorbance at 620 nm and comparing the absorbances to a standard 
curve of DOX. Aliquots of the preparations were also dried to determine the weight % 
DOX. 

The preparations were then tested in a cytotoxicity assay using Daudi. cells from 
human Burkkt lymphoma. The test is a colorimetrtc assay based on the ability of 
10 metabolicaily active cells to reduce thiazclyl blue (MTT) to a blue formazan product 
{Alley, et al 5 Cancer Res. 48:589 (1988)). 

The procedure was to incubate growth phase cells in RPM1 media with 10% fetal 
bovine serum and containing different concentrations of each carrier preparation for 48 
hours. Cytotoxicity was determined as a function of the concentration of earner needed 
15 to inhibit growth by 50%. This was measured by a reduction in the amount of colored 
product compared to untreated control cells. With the control cell value taken as zero 
cytotoxicity, there was a five-fold increase in cytotoxicity of the DOX-loaded carrier vs. 
the control after 48 hours. Results are presented in the following Table D. 

TABLE D. 

20 

Pre paration D O X Cone. Total Dry Wt. Weight % DOX % Cytotoxicity 

aded 1.80 rug/ml 25.0 mg/ml 7.2 60.5 

Control Carrie;- 0 27,0 mg/ml 0 10.0 

The cytotoxicity results show that the drug was released to kill the cells. 

25 

Beta CD Polymer Carr ier Cross linked Through Sulfhydryls wit h Comp letely 
Ent raps ed D _y nibi cin. 
(CD45) The purpose is to crosslink thioiated cyelockxtrin .monomers through their 
30 snlfhydryl groups while they are complexed with drug to completely entrap the drug in 
the carrier. 
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A. Preparation of Thiolated CD Monomer. 

(CD 4 lb) HXDA-CD was prepared as described previously. The HXDA-CD was 
thiolated by slowly combining and mixing about 0.6 gm of HXDA-CD in 10 ml of 0.1 M 
KjHPO, buffer, pH 8.5, in water with .33 gm of smmothiolane ^>ri). After about 2 
5 hours, the mixture was fractionated on a Sephadex™ G25 column in water. The leading 
fractions containing the carbohydrate peak were pooled and concentrated by evaporation 
to give, about .076 gm per rnl 

B. DOX-Loaded Carrier Prepared bv Pithiol CrossUnkmg of Thiolated CD 
Mon omer. 

10 In duplicate preparations, a .2 mi aliquot of the thiolated CD monomer (about .012 

mnsoles) was combined with about .0002 mmoles of doxorubicin and mixed to allow 
complexing. Crossiinkmg through dirhiol linkages was initiated by the addition of .05 
ml of 30% H ; 0, and beating over boiling water. Through oxidation and coupling of the 
sulfhydryl groups to form dithiols. the monomer becomes crossHnked. A polymer 

15 carrier formed that entrapped the DOX in the carrier and formed a red particulate 
suspension that was precipitated by cenmfugation. The carrier preparations were 
resuspended and diaiy zed overnight in 12,400 MWCO cellulose tubing against 10% 
isopropanoL The recovered diary sates were again eentrifuged and produced red pellets 
indicating that DOX was still entrapped in the carrier. 

20 PREPARATION IX. 

These are methods for synthesizing cytlodextrin polymer earners wherein a 
coupling group is included in the composition to provide for coupling to any suitable 
bio recognition molecule with a suitable functional group. The biorecognkion molecule 
25 can be a suitable protein, including antibodies and asndins or strepravidin, or kgands, or 
nucleic acids. 

A. Pre paration of NHS-CD Polymer Carriers. 

In a suitable anhydrous solvent such as DMF, the CD-carboxylic acid polymer is 
combined with N-hydroxysuadnimide and an aromatic carbodiimide such as N,N- 
30 dlcyciohexyicarbodiimide, at approximately equimolar ratios and reacted at RT for 1-3 
Hrs. The product, N-hydroxysuccinimide cyelodexmn (NHS-CD), is separated in the 
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filtrate from precipitated dkyclohexylurea, collected by evaporation and purified by 
chromatography. 

Under appropriate conditions, NHS-CD polymer derivatives can be prepared by 
coupling NHS esters directly to ammo-CD or amino r L) poh mei Preferabi , NH 
5 ester is a Afunctional NHS coupling agent with a suitable spacer. Suitable NHS coupling 
agents for use in this invention have been previously described, including DSS, 
bis(suIfosucdmmidyi)suherate (BS 3 ) t DSP, DTSSP, SPDP, BSOCOES, DSAIi DST, and 
EGS. among orders. 

B, Pre paration of Su jlliydyvU' Ty 1 'idyniej;. ( Wrs 

10 Sulfiiydryls on polymer carriers can be used for disulfide coupling to other available 

suifhydryb on the desired bio recognition molecule such as antibodies, or avkiins, or 
srreptavidtn, or ligands, or nucleic acids. If needed, the available suifhydryb can he 
introduced 1 violation the b noiecuk t r c i pi ig ■> r riveh 

a sulftydryl-containing CD polymer carrier is coupled to any inaleimide derivative of 

15 protein, ligand, nucleic acid or biotm, (e.g, biotui-maieimide) or iodoacetyl derivatives 
such as N-iodoacetyl-N '-biotinylhexylenediamine. 

C. Maieimjdo-Cyciodextrin Polymer Carriers and Iodo-Cyclodextri.n .Polymer 
Carriers, 

The maldmido-cyclode.xr.rin polymer carriers (MabCD), of this invention are 
20 suitable for coupling co native or introduced sulfhydryls on the desired biorecognition 
molecule. 

A maidmido group is added to an ammo-CD polymer carrier suitably prepared as 
described previously, by coupling a suitable hetero-btfurtcrtonai coupling agent to the 
available amino group. The hetero-bifunctiona! coupling agent consists of a suitable 

25 spacer with a maleimide group at one end and an NHS ester at the other end. Examples 
are previously described and include MRS, SMCC> SMPB, SPDP, among others. The 
reaction is carried out so that the NHS ester couples to the available amino group on the 
CD polymer carrier, leaving the maieimide group free for subsequent coupling to an 
available suifhydryl on a biorecognition molecule. 

30 Under appropriate conditions lodo-Cyciodex < 1 ol mer carriers can be 

prepare < >- ryl groups Fori tance, NHS esters of iodoacids can be 
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coupled to the ammo-CD polymers. Suitable iodoacids for use in this invention are 
iodopropionic acid, iodoburyrie acid, iodohexanoic acid, iodohippuric acid, 3- 
iodotyrosine, among others. Before coupling to the ammo-CD polymer, the appropriate 
lodo-NHS ester is prepared by known methods (e.g. Rector, supra). For instance, 
5 equimolat amounts of iodopropionic acid and N-hydroxysuceimmide are mixed, with 
suitable carbodiimide, in anhydrous dioxane at RT for 1-2 Mrs, the precipitate removed 
by filtration, -and the NHS iodopropionic acid ester is collected in the filtrate. The NHS 
iodopropionic. acid ester is then coupled to the ammo-CD polymer carrier. 

PREPARATION X. 
10 Biotinyiated Gyclodextrin Polymer Carriers, 

Btorinykted CD polymer carriers can he produced by a variety of known 
biotmylatioo methods suitably modified for use with CD's. For instance, combining an 
ami no-CD polymer derivative with a known N-hydroxysuceimmide derivative of biotin 
in appropriate buffer such as 0,1 M phosphate, pH 8.0, reacting for up to 1 hour at room 
1 5 temperature. Examples of biotin derivatives that can be used, are, hiotm-N- 
hydroxysuccmimide, biotinamidocaproateN-hydroxysuccinimide ester or 
sulfosuccmtmidyl 2-(biotinammo)eckyl-l > 3 , -dithiopropionate, among others. 

Through the use of suitable protection and deprotection schemes, as needed, any CD 
polymer carrier of the instant invention can be coupled to biotin or a suitable derivative 
20 thereof, through any suitable coupling group. For instance, biocytin can be coupled 
through an available ammo group to any NHS -CD label described herein. Likewise, 
thiokted biotin can be coupled to any mal-CD polymer carrier. 

The biotinyiated CD polymer carrier can be used to couple a plurality of earners an 
intermediate. For instance, by combining dilute solutions of the biotinyiated CD carrier 
25 with avkbn or streptavidm in the appropriate molar ratio, 1, 2 or 3 biotinyiated CD 
carriers will couple to the avidin or streptavidin and produce a complex with one or 
more biotin-binding sites still available. 

PREPARATION XI. 
A Cyclodextrin Polymer Carrier P repared on a Solid Suppor t. 
30 Another embodiment for a water-soluble (or colloidal) cyclodextrin polymer carrier 

can be synthesized with a more predictable number of CD molecules, giving new 
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advantages of uniform structure and chemical properties. The synthesis method is co 
couple an initial CD molecule (or derivative) to a. solid support using a cleavable coupling 
agent. Then additional CD molecules (or CD derivatives with or -without protected 
groups) are attached to the first CD in a controlled, step- wise manner. Alternatively, a 
5 suit bit inte mediatt substance (i tmino d i?.< <" n be initi >upled to 
the solid support and CD molecules coupled to it. Alter the desired number of CD 
molecules have, been linked together to form an open polymer, the desired drug or other 
active agent is allowed to complex with the polymer. Then the. polymer is further cross- 
linked to close the polymer and completely entrap the active agent. The loaded carrier is 

10 then cleaved from the solid support. 

The CD molecules used in this procedure can include tethered guests and antenna 
substances, and be -suitably derivatized and/or capped before coupling to incorporate 
oilier desu able features. However, it is preferred that each CD molecule (or dimer, Or 
trimer). that is coupled, has a well-defined structure to facilitate the production of CD 

15 polymer earners with uniform and consistent properties. 

A variety of suitable materials, such as those used in chromatography (e.g. Smokova- 
Keulemansova, supra), can be used for a solid support. The solid support can be in the 
form of particles, beads, fibers, plates, and tubing walls, and composed of styrenes, 
acryiamides, silica gels, solid or porous glass, dextrans, and celluloses, among others that 

20 are suitably derivatized as needed and compatible with the reactions used. 

The initial coupling agent used to couple the initial CD or intermediate substance to 
the support is preferably one that is readily cleaved when desired. Suitably , the initial 
coupling agent is a bii'unctionaL ammo-reactive reagent such as those with a cleavable 
disulfide group, including DTBP, DSP, DTSSP and photoactive couplers like BASED, 

25 SADP, SAND, and SASD. Other suitable initial ammo-reactive coupling agents are 

periodate cleavable. such as DST and sulfo-DST, or hydroxyiamine cleavable at the ethyl 
ester linkage, such as EGS and suifo-EGS. 

The coupling agents used to couple subsequent CD's to make an open polymer are 
preferably noncleavable, or biocleavable, or cleavable by a different mechanism than the 

30 imti g agent When coupii hrough amino-dt I CD rnolec.uk anmo- 

•jreactive, Afunctional coupling agents such as DMA, DMP S DMS, DSS and DSC would 
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be used. When coupling through >ulfhvdtyi-derivauzed CI » molecules ijhh> i; vl- 
reactive, Afunctional coupling agents would be used such as MBS. Diepoxy coupling 
agents such as BDE can be used to couple through amino, sulfhydryl or hydroxy! 
functional groups. 

5 In another embodiment, when the carrier is cleaved from the support after synthesis, 

it can leave a suitable functional group Ioj irgeting 1 u! juently coupling a 
Aorecognition molecule to the carrier. Or, the re - 3 s up can be 

converted to an NHS ester by various known means for subsequent coupling to an amino 
group on a biorecognition molecule. 
10 QDlskmt^mSL Synches. 

A suitable method for synthesizing water-soluble for colloidal) cyclodexrrin polymer 
carriers of the instant invention is as follows; 

1, A suitable amino-derivacized solid support is prepared. For instance, porous glass 
beads or predried silica gel is ammoden vanned with (3-an«nopropyl)trimethoxysiiane. 

15 The solid support is then treated for coupling (activated), with a Afunctional, cleavable 
disulfide coupling agent, DSP, The uncoupled reagents are removed. 

2, To the support is added for coupling, an excess of aramo-CD derivative, 2,3 
dihydroxypropyl beta cyclodextrin (amino-DHPCD) or amino-derivatized (amino- 
HPMA). The uncoupled reagents are removed. 

20 3. The initial CD or intermediate substance is then treated for additional coupling 

(activated) with a suitable Afunctional coupling agent that will react with the initial CD 
and subsequently couple to additional CD molecules. For instance, with amino-DHPCD 
or amino-HPMA, an amino-reactive agent such as DSS is used. Or, the initial CD or 
intermediate substance can be treated with a diepoxy such as BDE. The unreacted 

25 coupling agent is then removed. 

4, An excess of amino-DHPCD molecules (which may include some halogenated 
alkylphahmi.de protected amino groups) are then added to covalently couple to the initial 
CD or intermediate substance, The unreacted amino-DHPCD molecules are then 
removed. 
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5, The imrnt iized | paration is then treated again tor additional coupling -with a 
suitable bifuncdonal coupling agent: such as DSS or B'DE. The unreacted coupling agent 
is then removed. 

mi « v i if 65 imino-DHPCD mo) u)< ue tl added as befoi i 
5 covalcnt iple f preparation and > < 

7 i 1 j ' .1 pen polymt ed, the stej * 

activating the preparation again with coupling agent, removing the unreacted agent, 
adding excess amino-DHPCD molecules for c< upli > tn J . n< u . t he unreacted CD 
molecules. After the last cycle of DHPCD molecules have been coupled to the 
10 preparation, unreacted molecules are removed. 

SL To the open polymer preparation the desired drug or other active agent is added 
and allowed to complex with the polymer. In this example, puromycin is added to allow 
inclusion complexes to form with the polymer. 

9. Then the drug-loaded p 1 ed i cl e the polymer and 
15 completely entrap the active agent. In this example, the ammo-reactive coupling agent 

DSS is used to cross-link the available amino groups. If employed, previously protected 
amino groups are made available by a deprotection step before final cross-linking. 

10. The drug-loaded cyeiodexmn polymer carrier is then cleaved from the solid 
support by reduct ion of the disulfide bond in the initial coupling agent. 

20 Other modifications can be incl dedl .v. clea igt For instance, acid-labile 

linkages cast be incorporated into the final cross-linking to provide controlled release of 
entrapped active agent. In one embodiment, vicinal hydroxyls on the DHPCD 
molecules of the open polymer can be oxidized to diaidehydes using Na metapenodaie. 
The diaidehydes are then coupled to hydrazine to -provide d-iabile hydra » * 

25 with terminal amino groups. 

The open polymer is then loaded with drug as before and then closed by cross- 
linking the terminal amino groups. The final cross-linking is done using a bimnctional, 
ammo-reactive coupling agent such as DSS or BDE. Also, the drug-loaded carrier can be 
treated with acetic or succinic anhydride to give carboxylases that are converted to NHS 

30 esters through reaction with carbodlimides and N-hydroxysuccinimide. The carrier is 
hen targeted 1 oupl it t , (table 1 < it i mob 1 
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Another embodiment for a water-soluble (or colloidal) cyclodextria polymer carrier 
can be ;ynth< z< ' - h< < n th< c dextrin monomers an Sirst t os i "' ed to form an 
open polymer that is in the form, of a sheet or layer of cross-baked eyciodextrm 
molecules. Tins embodiment can provide new advantages of organized structure and 
chemical properties. 

In the first step of the synthesis method, CD molecules (or CD derivatives such as 
HPCD or DHPCD) are positioned on a surface so that their primary or secondary ends 
are facing the surface and their edges are within coupling distance of each other. Ideally, 
all of the CD molecules are oriented in the same direction. One way of accomplishing 
this is to prepare a surface (i.e. a solid support or flexible surface) onto which guest 
molecules have been covalently coupled (i.e. through spacer groups) so that each guest is 
available to form an inclusion complex with a eyciodextrm. Suitably, guest molecules are 
used that force the eyciodextrm molecules to hind to them In only one orientation. For 
instance, if the guest molecules are just big enough, they will form the strongest binding 
inclusion complex by only entering the larger, secondary end of the cyclodextrin 
molecule and not the smaller primary end. Examples of the most preferable inclusion 
•compounds, especially with aromatic compounds, are well known for alpha CD, beta 
CD and gamma CD. For instance, anthracene derivatives bind primarily through the 
secondary end of beta CD and pyrene derivatives bind primarily through the secondary 
end of gamma CD. 

In this example, 2-aminoanthracene is coupled to amino-derivatized glass beads using 
a bifunctionai NHS coupling agent such as DSS. The 2-aminoanthracene is immobilized 
in very high density so that many molecules are within one beta CD diameter's distance 
apart (i.e. about 6 angstroms). Then in suitable solvent or aqueous buffer, beta CD is 
mixed with the beads to form inclusion complexes with the immobilized 2- 
aaiinoaathracene on the bead surface. The excess CD may be removed. 

Then the compiexed CD molecules are cross-linked with a diepoxy such as BDE, or a 
fcriepox) such that every < D molecule is 

coupled to at least two (preferably 3 or 4} of its neighbor CD molecules. Alternatively, 
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denvatized CD molecules can be used such as ammo-CD or ammo-HPCD or amino- 
DHPCD, and then cross-linked using a cieavabie, bifnnctkmal coupling agent such as 
DSP, DST or EGS, Also, ammo-CD molecules can be cross-linked using a suitable 
Dt< clea a '1 pling agent described herein. 
5 The resulting open polymer is a sheet or monolayer of CD molecules (or CD 

derivatives with or without p; u ' > 7- s tg < D mon layer i then 
removed from the immobilized 2-ammoanthracene molecules by using a suitable 
compering solvent or surfactant to cause dissociation. 

The CD monolayer is then mixed, in suitable solvent or aqueous buffer, with a drug 

10 or other active agent (be, paelitaxel) to allow the monolayer to form inclusion complexes 
with the drug. The drug-loaded CD monolayer is then further cross-linked ro close the 
polymer and completely entrap the drug. The resulting CD monolayer carrier can also 
be targeted by coupling it to a hlorecogmtion molecule. The CD monolayer carrier can 
be further derivatized to provide functional groups that are then used for coupling to the 

15 biorecogmdon molecule, 

prep^m tpn aft 

A new water-soluble (or colloidal) CD polymer carrier with potentially greater 
cytotoxic or catalytic efficiency can he synthesized by incorporating antenna substances. 
20 An antenna substance is defined as certain light and/or energy collecting substances that 
transfer the. energy to a catalyst or energy emitter in the carrier. The various antenna 
substances of the invention can be conjugated and/or noncovaiently coupled in "close 
proximity* so that they will cooperatively participate in an energy transfer reaction 
resulting in the emission of energy or a product. The most preferred application is in 
25 photodynamk therapy where photoactive agents are used to kill cancer cells. 

The antenna substances can be coupled to the carrier in various ways to promote the 
most efficient cytotoxic or catalytic activity. For instance, the antennas can be. covalently 
coupled to the CD derivative or CD polymer, to the guest photoactive agent, or to an 
1 i ince that is pan of the CD carrier Certain pi nthetic antenna 

30 s es (e.g. chioropl pigments) can al ' 1 < the CI 

carrier through binding to certain polypeptides (e.g. from photosynthetie plants, algae 
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and bacteria), which are then covalendy bound to the CD carrier. Examples of 
photosymhefte substances are described by H. Zuber, TLBS 11, 414-419, October, 1986, 
and j . Deisenhofer, ec al, Science 245, 1463-1473 (1989), the contents of which are 
incorporated .herein, by reference. 
5 Suitable antenna substances are any aliphatic, aromatic or heterocyclic compounds 

that are capable of collecting light energy or photons. The most preferred antenna 
substances for use in photodynamic therapy are those that absorb infrared and far 
infrared light. Examples include carotenoidss folic acids, retinols, retlnais, rhodopsins, 
viologcns, chlorophylls, bacteriochsorophylk phycobiliproteins, phycoerythrins, 

10 porphyrins, MO, , open chain tetrapyrroles (btlins). tryptophan and/or tyros ine- 

containing substances (e.g. polypeptides), Rose Bengal, fluorophores, scintillators, and 
various derivatives, analogs and precursors of the antenna substances. 

PREPARATION XIV, 
Cyclodextrin Catalyst Agent. 

15 A cyclodextrin catalyst agent Is a new invention defined herein as a cyclodextrin 

derivative of an indi vidual cyclodextrin, or dimer, trimer or polymer, wherein the CD 
derivative host functions as an "artificial enzyme", and certain guest molecules function as 
chemical substrates. When the chemical substrate comes In contact with the cyclodextrin 
catalyst agent under appropriate conditions, it is modified to produce a product that Is 

10 Inhibitory or toxic to certain cells, microbes or parasites. In one embodiment, the CD 
catalyst agent is coupled to a Derecognition molecule for targeting specific infected ceils, 
cancer cells, tissues or disease organisms. 

With suitable denization, the CD catalyst: agents can be synthesized to bind and 
modify prodrugs into active drugs and raodit obi cii xhsirat.es The D catalyst 

25 agent can also catalyze specific reactions such as generate free radicals, including singlet or 
triplet oxygen that directly kills infected cells, cancer cells, or disease organisms. 
Suitably, the CD catalyst agent requires derivatives that provide a " recognition site" and 
one or more "catalytic groups" on the CD agent (e.g. references; Ikeda, YanEtten, Hind, 
or Tabushi). Depending on the CD molecule used, the substrate to be catalyzed, and the 

30 reaction intended, the recognition site and catalytic groups can be provided through one 
or several derivatives, as needed. The recognition site generally involves the hydrophobic 
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cavity of the CD molecule, and provides a means for specifically binding and/or 
i i ii g 1 st i f irtts h t i s 

Phe catah c 1 ue and inorganic chem idu 

functional groups and ionk species rhn r teal em irdnment foi 

5 promoting the catalytic reaction. The catalytic groups can be any known chemical 
residue or species chat provide the desh d cat il) tit. rea< ti< n, in< f ! v lates, 

imidazoles, histamines, hydroxyls, amines, amides, aldehydes, ketones, phosphates, 
sulfhydryls, halogens, amino acids, nucleic acids, chelators, and metals, Additional 
examples of suitable catalytic groups useful in the instant invention can he found in the 
10 art of derivatizing CD's and derivatizing or "genetic engineering" of antibodies for use as 
enzymes. Other suitable references are; M.I... Bender, i. Tabushi, E. Baldwin, P.G. 
Schuitz (below). 

In addition, an improved CD catalyst agent can be synthesized -wherein the 
recognition site and/or catalytic groups is provided or augmented through the use of one 

1 5 or more suitable captured guests, described herein, that interact (e.g. binding, alignment 
and/or excimer formation), with the substrate being catalyzed, In this case, the captured 
guest is preferably coupled to the CD molecule by a suitable spacer group to allow 
interaction with the substrate, and can be any suitable aliphatic, aromatic, or heterocyclic 
compound, including any suitable inclusion compounds described herein. 

20 Suitable CD* its yst igem reactions it ,'s'i g L u , unable ester or 

amide containing substrates), oxidation, dephosphorylation, acid-base catalysis, 
formyiation, dichloromethylauon , carboxylation, rearrangement, substitution, aliylation, 
and halogenation, among others. In any case, the catalyst CD agents can be prepared so 
that the catalyst CD product is inhibitory or toxic to certain cells, microbes or parasites, 

25 The cyclodextrin catalyst agents can also be coupled to a variety of substances, such as 
biorecognition molecules, ligands, antigens, antibodies, nucleotides, nucleic acids, and 
liposomes, as well as to a variety of support materials including magnetic particles for use 
m SSS 1} s 

An improved CD catalyst agent comprises the direct or indirect coupling of any 
30 suitable antenna substance described, herein, to the CD molecule, for collection of light 
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energy that is transferred to the CD cat ah st , nd thereb) iceelerats ! ed reaction 
such as in photodynamic therapy, 

PREPARATION XV. 
Amyiose Polymer Carriers. 

5 1 ized and/or 

capped to include captured guests, and antenna substances as needed, to modulate 
wavelength response and/or emission. Also, they can be in the form or a drug carrier 
wherein suitable functional and/or coupling groups at e included. Yet another 
composition includes the use of "self assembly" substances coupled to the amyiose, 

10 Suitably, these amyiose polymers We the necessary properties to form an inclusion 

complex with a drug or other active agent and can be used to produce new and useful 
compositions. Preferred substances are soluble or colloidal polymers of helical segments 
of amylases. Especially useful are helical amyiose molecules of more than 5 and less than 
120 glucose units, that favor formation of rigid linear helixes. 

15 In one preferred embodiment, a statable amyiose polymer is formed from segments 

that have included a drug. Then the amylase is suitably cross-linked using various 
bifunctiona! cross-linking agents so that the amyiose polymer cannot release the 
entrapped drug. 

In another preferred embodiment, the amyiose segments are firct derivatized before 
20 including a drug. For Instance, some or all of the available hydroxy! groups are suitably 
thioiated by various methods described herein for thiohting cyclodextrins, to provide 
sulfhydryi groups along the "edges" of the amyiose chain. This can be clone by first 

<v. ih ail tan 1 »uf by coupling 2 pi >pane sultone ot 1,4-butane ultone hreeth 
to the hydroxy! groups on the amyiose. The thiosulfate esters are subsequently reduced 
25 to sulfhydryis with dkhtothrekol. 

Then, a drug or other active agent is mixed with the derivatized amyiose to allow 
inclusion complexes to form under mild reducing conditions. After the active agent is 
incorporated into the amyiose, the complex Is exposed to mild oxidation, which causes 
the sulfhydryi groups to crosslink and entrap the active agent within the amyiose. 
30 In ar othei pre! 1 I ri us 

methods described herein for cyelodexfcnns, to provide amino groups along the "edges" of 
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the amylose chain. Then, a drug or other active agent is mixed with the derivatized 
amylose to allow inclusion complexes to form. After the active agent is incorporated 
into the amylose, the complex is exposed to any suitable ammo-specific crosslinkmg 
agent, whicl not r th« ti igei % h he amylose 

Another preferred embodiment has incorporated cross-links that contain 
biocieavable linkages between the sulfhydryi or amino groups as described previously. 

Helical amyiose polymers can be targeted by coupling them to biorecognkion 
molecules such as proteins, polypeptides, lipids, lipoproteins, nucleic acids, surfactants, 
virus coat proteins, and organic molecules. They can include hue m diaw ubstances si 
acrylanudes (HPMA), PEG, nylons, polystyrenes, resins, metals and celluloses, and their 
combinations. 

PREPARATION XVI. 

1 _ i m $ I ; rolled Felea t 

A micelle polymer carrier is a new invention defined herein as a water-soluble (or 
colloidal) micelle that has been suitably polymerized so that it completely entraps a drug 
or other active agent within. The formation of micelles for carrying drugs is well 
knowm However, micelle carriers of the prior art suffer from uncontrolled loss of the 
drug due to diffusion. This invention solves that problem through cross-linking the 
micelle components to completely entrap the drag until it is delivered to the site of 
action. 

For this invention, any suitable technology now used to for preparing drug-carrying 
micelles is applicable to the synthesis of this invention including disclosures of reagents 
for preparing liposomes and those of Alkan-Gnyuksel, H., Pharmaceutical Res. 11, 206- 
212 (1994). A distinguishing property of this invention is that the micelle-forming 
components must have suitable functional groups available on their hydrophilic "heads" 
to permit cross-linking after the micelle has been formed with a drug inside. 

In one preferred embodiment, suitable micelles are formed that contain a drug. Then 
the head groups in the hydrophilic surface are suitably cross-linked using various 
bifunctioaal cross-linking agents so that the micelle cannot release the entrapped drug. 
Another preferred embodiment has incorporated cross-links that contain biocieavable. 
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linkages as described previously. Also, this earner can be suitably targeted by coupling 
suitable biorecognitiort molecules to the surface. 

While the invention has been described with reference to certain specific 
embodiments, « is understood that changes may be made by one skilled in the art and it 
5 would not thereby depart from the spirit and scope of the invention, which is limited 
only by the claims appended hereto. 
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Whai is claimed is: 

L A method for producing a controlled release pharmaceutical composition 
comprising; 

a) combining cyciodextrin molecules selected from the group consisting of 
5 yclodextrin i ivatives, t d i s rin timers, cycl dextrir trimers anc 

cyciodextrin polymers with an active agent selected from the group consisting oi 
anticancer drugs, antineoplastic drags, antifungal drugs, antibacterial drugs, 
antiviral drugs, cardiac drugs, neurological drugs, alkaloids, antibiotics, hioactive 
peptides, steroids, steroid hormones, polypeptide hormones, interferons, 
10 interleukms, narcotics, prostaglandins, purines, pyrimidines, anti-protozoan drugs* 
harbituates and anti-parasitic drugs to form an inclusion complex between the 
cyciodextrin molecules and the active agent, and; 

b) covalently cross-linking the cyciodextrin molecules through a 
biocleavable linkage selected from the group consisting of a disulfide linkage, a 

15 protected disulfide linkage, an ester linkage, an aldehyde bond, a maieimide bond, 
an NHS bond and a hydrazone linkage, to form a polymer that has completely 
entrapped the ac-Jve agent and wherein the cross-linking provides the function of 
controlled release. 

20 2. The method of claim ! wherein the cyciodextrin polymer carrier is coupled 

to a biorecognition molecule. 

3. The method of claim I wherein the active agent is selected from the group 
consisting of ganciclovir, furosemide, iadomethacin, chlorpromazine, 
25 methotrexate, penicillin derivatives, anthracyclines, teramycins, tetracyclines, 
chlorotetracyciines, ciomocyclines, butoconazole, charteusin, elsamicin, 
ellipticiues, guamecyciines, macroiides, filipins, fungkhromins, nystatins, 5'- 
fiuorouracil, S'-fluoro-l'-deoxyuridme, aliopurinol and paclkaxel. 
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4, A method for producing a controlled release pharmaceutical composition 
comprising; 

a) combining cyclodextrin molecules selected from the group consisting of 
cyclodextrin derivatives, cyciodextriti dimers, cyclodextrin trimers, and 

5 cyclodextrin polymers with an. active agent consisting of nucleic acid, to form an 
inclusion complex between the cyclodextrin molecules and the active agent, and; 

b) covalently cross-linking the cyclodextrin molecules through a biocleavable 
linkage selected from the group consisting of a disulfide linkage, a protected 
disulfide linkage, an ester linkage, an aldehyde bond, a maleimide bond, an NHS 

10 bond and a hydrazone linkage, to form a polymer that has completely entrapped 
the active agent and wherein the cross-linking provides the function of controlled 
release. 

5. The method of claim 4 wherein the cyclodextrin polymer carrier is coupled 
15 to a biorecognition molecule. 

6> The method of claim 4 wherein the active agent is selected from the group 
consisting of DNA, RNA, antisense oligonucleotides, phosphorthioate 
oligonucleotides, synthetic nucleic acid polymers and peptide nucleic acids,. 

20 

7, A method for producing a controlled release pharmaceutical composition 
comprising; 

a) combining cyclodextrin molecules selected from the group consisting of 
cyclodextrin derivatives, cyclodextrin dinners, cyclodextrin trimers, and 

25 cyclodextrin polymers with an active agent consisting of toxin, to form an 

inclusion complex between the cyclodextrin molecules and the active agent, and; 

b) covalently cross-linking the cyclodextrin molecules through a biocleavable 
linkage selected from the group consisting of a disulfide linkage, a protected 
disulfide linkage, an ester linkage, an aldehyde bond, a maleimide bond, an NHS 
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bond and a hydrazone linkage, to form a polymer that has completely entrapped 
the active agent and wherein the cross-linking provides the function of controlled 
release. 

8. The method of claim 7 wherein the cyclodextrin polymer carrier is coupled 
to a Derecognition molecule. 

9< The method of claim 7 wherein the active agent is selected from the group 
consisting of anatoxins, ricins, bungarotoxins, irinotecan, pesticides, cevadines, 
desatrines, veratridine and eevine derivatives and analogs. 
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